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„ PAE importance of the subject of Magne- 5 = 
; e principally in navigation, and tſñůͥea 
Het obscurity of the cause which produces its * 
1 9 8 wonderful phenomena, has, from ages, ex- 2 * "© 
. . cited the attention of very able philoso- . | 1 | 
= = phers and mathematicians, who, „with qi 5 0 ; 
= ; ligent assiduity and profound consideration, | 3 
| | have examined the properties of the mag- by 
J -- 3 net, and have framed hypotheses for their 
ns explanation. "Several of those labours, 
| . 3 not crowned with discoveries, are nerer- 
. f 5 Itheless exceedingly Thgenious, and desert | 


some attention. 


PREFACE. 


4 T ; : iv ; 
= To arrange debe observations in a pro- 


per order, to describe the various hypo- 


1 . theses, and the manner in which the phe- 


= nomena of magnetism have been attempted 


was the Author's original intention; but 
wuen the work was nearly acccom plished, 


N r great bulk, and the intricacy of the 


= mathematical part, incompatible with the 
genius of the generality of readers, and 


aticians; 
4 ; considering that those calculations were 


even with the patience of mathem 


quences; : the original plan of the work was 


- | 18 KAR 1 4 
"oF and much labour was be. 


 8towed | in ee it of the abstruse part, 


and contracting 3 it into | the form f in which 


— ; af 5 . 


He is to exhibit a comprehensive view of 
| the e/pregent state of khowledge relative to 


ta be mathematically deducible from them, i 


seldom productive of remarkable conse- 
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: magnetism; , the Author having disposed 
the various particulars i in that order which 


seemed most likely to lead the reader from 
the simplest to the most intricate and de- 


pending part of the en by the m_ | 


and shortest ways. . © 919 


The first Part treats of the laws of mag- 


| : neuem, viz. of those properties and their 5 


limits, which have deen ascertained by a 
an observa- 
tions, and which are independent on any 


great number of experiments 


In] order to distinguish the knowledge of | 
- certain facts from the supposition of their . 
causes, and the improbability of most of 
8 those suppositions, the Second, and by far 7 fy | 
| the shortest, Part of the book, has been * 


i + allotted to the hypotheses of nern, 


. 2 


1 7 


PREFACE, = * 
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| PREFACE. | 


FS The Third Part treats of the practice of 
the subject, VIZ. it contains a series of such 5 
experiments as are necessary, and sufficient 
to demonstrate the certainty of the laws 
mentioned in the First Part, and to employ 
Bot them for the various purposes to Which ; 
they are " Subecrvicnt. | | 


— 


he Fourth, and last Part, contains te 
KS, various experiments made by the Author 
5 himself, relatively ta magnetism. . 


5 bee will be a cond. ST 5 
5 a | throughout the work, various remarks and 
3 BY hints, useful to those who may be willing : 
1 i ? * 3s * to Promote. the farther investigation of the 4 
=: 3 * subject; but, on the other hand, the Au- 
| thor. has thought proper to omit. several 


8 6 . 5 trifling particulars, which might be easily 
Ke” 4 z "pms 'by the ingenuity of the reader, 
. and divers experiments, which seemed to 


. ˙—˙ $194 ph Rave a N 
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\ 5 ; . 
3 | 3 | 5 | 5 = 
„% BBEPACE. vii 
* - ; ' | * ö F 4 £ 
== be only variations of those inserted in the 


| Lastiy. To render the work more per- 


ppicuous and useful, three copper- plates | 
and a copious index have been added to it. 
| The Supplement contains several curious | 
= © and useful papers, which have been added 
a since the first edition. 1 | I 
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2 LAWS OF MAGNETISM. 


and 8 ons ab those bod, 
after having acquired the magnetical Properties, 
are called artificial magnets, 

A magnet, whether natural or unh. is al- 


ways possessed of the following characteristic pro- 


perties, which are inseparable from its nature; 80 
that a body cannot be called a magnet unless it 


be possessed of all those properties at the same 


time: neither is there any instance of a magnet's 
being produced, which had only one or a few of 
those properties, without shewing any of the rest. 
J. A magnet attracts iron and other ee 
nous substances. 
2. When a i, is placed a” as to be at 
liberty to move itself easily, as, if it be suspended 


by a thread, &c. it turns one, and constantly the 
same purt of its surface towards the north pole of 
the earth, or towards a point not much distant 


from it; and of course it turns the opposite part 
of its surface towards the south pole of the earth, 


or towards a point not much distant from it. 
These parts on the surface of a magnet are there- 


fore called its poles, the former being denominated 


its. North pole, and the latter i its. South pole. The 2 


propertſÞ itself is called vie magnet's. directive 


> power, or magnetic polarity; and when a magnetie 
body places itself in that direction, it is said to 
bY 7 iraverse... A plane. perpendicular to the e 

5 and 1 * thy: * of a HT OW 


1 M property, are generally made slender, and some- 


3 
| LAWS or MAGNETISM. 8 
3 . 5 
etaoding in their natural direction, is called the 
niagnetic meridian: and the angle made by the 
magnetic meridian and the plane of the meridian | 
of the place where the magnet stands, is called the  _ « © 
dieclination of the magnet, or more commonly the - 1 
declination of the magnetic needle; because the ar- 
_ tificial magnets, mostly used for observing This 


what in the shape of a needle; or because real 
sewing needles themselves have been often used 
- for this purpose. / | 
3. When two magnets are placed so, „ that the 
north pole of one is opposite to the south pole of ö 
the other, then they attract each other; but if the I 
zonth pole of one magnet be placed oj opposite te 
south pole of the other magnet, then they pl 
eachother. In short, magnetic poles of the same "I 
Name repel one another, whereas those. of a Mm = 
rent name attract each other. 1 8 
4. When a magnet is placed so, as to Us RM 2 
liberty to move itself very easily, it generally in- 
clines one of its poles towards the horizon, and of 
course it elevates the other pole above it. This 
property is called the mchngtion or dippin of the 
magnet, or more commonly, of the magnetic needle, 
for the reason above - mentioned. 
5. Lastly. Any magnet may, by proper me- 
Gods; be made to impart those properties to 


=» 3 


8 


* 
" * of 
We * 
— : A 
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iron, steel, or, in short, to most ferruginous sub- : 
stances. | 

'The experience mi industry of king have 
gradually discovered, examined, ascertained, and 
employed for various useful purposes, those mag- 
netical properties; and it is the object of this work 
to describe, in a concise and perspicuous manner, 
the laws which have been ascertained by those 


innumerable observations, and the uses to which 


they have been rendered subservient. Those laws 


and their uses are methodically laid down in the 
following pages, there being allotted to each 
chapter those particulars, which were most con- 
nected with each other; but, as the whole action 
73 of magnetism seems to be confined solely or prin- 
cipally, to iron, and to those bodies which contain 


that metal i in some state or other, it will be ne- 
nessary to premise the natural history and chymi- 


cal properties of that substance, at least such as 
may be deemed necessary for the comprehension 
of the subjects, or _ to open the 28 to mea 
ther discoveries. | 
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CHAPTER II. 5 


Fan NATURAL HISTORY AND PRINCIPAL PRO- 
PERTIES OF IRON; AND OP THE NATURAL 


| MAGNET, OR LOAD-STONE, 


Inox is, of all 4 als. the most subservient 
to human life; and, at the same time, it is very 
remarkable, that its nature is far from being per- 
ſectly understood, or sufficiently investigated. It 
is reckoned amongst the imperfect metals, 
account of its being subject to rust or calcination; 
and its specific gravity, though subject to a little 
variation, yet is seldom, if ever, less than 7, 6, or 
exceeds 8 times the weight of distilled water. 
Iron is found almost in any place, and is ex- 
tracted from the bowels of the earth, it being 
therein found either by itself in a metallic state, 
which is called native iron, or mixed with various 
other substances; which compounds, when the 
iron or martial part contained in them is in a 
considerable proportion, are called i iron ores. 
I be iron ores described by the latest minera- 
logists, and their principal names, ate the follow- 
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\ 


1. The bel ore; which consists of a brown calx 
of iron mixed with iron in its metallic state. 
2. The magnet. D | 
ky © 3- A mixture of the brown + of | iron and 
plüwKuumbago. 
* e The: white ar eparry. iron orez being <E 
. brown calx of iron united to the whe; calx of 
of manganese. 
{ 2 * 5. The magnetic OY 
* 6. Hematites; consisting of he red MY of iron 
| A oy ie tel, and combined with a little argil, 1 
I 2 8 3 with manganese. 
| 7. Hemaiitical yellow, red, and brown i” IN 
| Bri en of bæmatites in a loose orm, mea 
=. with a considerable proportion of argil. Ie | 
| 8 oa * 8. A combination of the regen of iron with | 
pPlumbago. | 
Sz * . \Tormten; 4 a mixture of the od 3 5 
1 | Hiixed with a small proportion ofthe owes and 5 
. * calx of iron. N 
10, Emery, 85 
11. The grey iron ore; eee of the | red | 
Bec , © ealx united to siderite. | 
P 12. The 8 iron ores; lis two species 
| _ of which are, the highland argillaceous ore, miner 
1 „ ochreacea; and the swampy argillaceous are, 5 
— lacugtris vel cubaqua s. 


— 


* 


1358. The red calcarecus iron ore. ; %, 7 
0 FX 5 15 : "= . 8 5 ay 1 ' 1 7 
7 * * Es * \ SE) 7 | 4 : | * 7 \ 
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14, The siliceous iron ore. 
15. The murialic iron ore. 
16. The martial calamite. 


17. Martial pyrites; which consist of i iron mi- 


5 by sulphur. | 0 

18. The white, grey, or 1 grey n 
Marcussite; being iron mineralized by n 
and arsenic. 


19. Mispickel; convating ; of iron mineralized 


* 


by arsenic alone. | ; 1 
20. Combustible iron ore. 
21. Green vitriol; da iron mineralized by 


vitriolic F 


22. Iron mand. by the phosphoric 8 


| t the two species of which are, ilie siderite, and the 


nalive Prussian blue; the A of which consists 


0 of i iron, phosphoric acid, and argillaceous earth.. 
In extracting the metal from the various iron 


ores, two objects must be considered, vis. the 


State of the i N 1 which is in a more or less me- 
tallic state, and the extraneous substances which 


are mixed with it. On those accounts, it is al- | 
most impossible to preseribe the most advanta- 5 
geous method of extracting the iron from a cer- 


tain ore, without making particular experiments 
upon it. However, the principal agents in this 
. a a bet beat, and the as of 


8 „88s Ber | 's wender, and Kirwan's ear, 
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e . The steel ore; which consists of a brown calx 
1 of iron mixed with iron in its metallic state. 

2. The magnet. | 
En 3. A mixture of the brown calx of iron and 
8 Xs 528 


1 1 4. The white or eparry. iron ore; EA che; 
. * brown calx of 1 iron united to the WIE: calx of 
„ok manganese. | I 
3. The magnetic — : 5 Ty | 
8 6. Hematites; consisting of the red WE of iron 
+ * inguratdd, and combined with a little argil, and 
. 1 | frequently with manganese. 
. 4 5 7. Hemaiitical yellow, red, and brown 3 3 
3 ade of bæmatites in a loose form, mixed 
| | A 7 with a considerable proportion of argil. 
1 by . 6. 4 combination of the red oalx of 1 iron wah 
Y — plumbago. 15 
„ g. Torijen; we a mixture of the ak calx 


e f 1 1 with a small proportion of the brown and 5 
7 —_—_ calx of iron. | 

I 10. Emery. 8 

11. The grey iron ore; consisting of the red 

. Fealx united to siderite. 5 : 

' 12. The e eee iron ores; the two species 

4 4M of which are, the highland argillaceous ore, minera 

1 eee ochreacea; and the swampy argillaceous are, 

| ; minera feivi lacugtris vel gubuqUU0% . 

Et. 19 0 The ves calcareous iron ore. b 33 


* 


LAWS OF MAGNETISM, EO 


14, The siliceous iron ore. 
15. The murialic iron ore. 
16. The martial calamite. 


17. Martial pyrites; which consist of 1 iron mi- 


neralized by sulphur. 
18. The white, grey, or 2 grey vat 
| Marcassite; being iron ane by * 
and arsenic. 
19. M pictel; ; convining of iron mineralized 
by arsenic alone. | 1 1 | 
20. F iron on. 


21. Green vitriol; being iron mineralized by 


- 
% 


vitriolic acid, e 


22. Iron mineralized by the hoops 1 


| the two species of which are, the siderite, and the 


native Prussian blue; the iter of which consists 


8 of i iron, phosphoric acid, and argillaceous earth.“ 


In extracting the metal from the various iron 
ores, two objects must be considered, viz. the 


state of the iron, which is in a more or less me- 
tallic state, and the extraneous substances which 
are mixed with it. On those accounts, it is al- 


most impossible to preseribe the most advanta- 


geous method of extracting the iron from a cer- 
'tain ore, without making particular experiments 

upon it, However, the principal agents in this 
Ae are, a 9 87 heat, and the admixture of 


> 95 "Sea Berga mineralogy and Kirwan's ede. 
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7 * Ser Priestley's e relating to various branches of . 


substances capable of furnishing the inflammable 
principle. 
The iron, after being et from the ore, 


and being reduced into the metallic form, is not 


always of the same nature; and its yarious species, 
the principal of which we shall now enumerate, 


are possessed of e and very remarkable 


properties. 

Cast iron, viz. iron after wing been fused 4 by 
the action of a strong heat, is very hard and brittle, 
so that it cannot be formed into any required 


shape by hammering, nor even by filing. 


The malleable iron is formed from the cast iron, | 
by exposing it to a Strong blast of air for some 
wth whilst it stands in a red or rather white 


heat. It is remarkable, that in this process a 
e of liquid matter comes out of the iron, 
which when cold is in the form of black einders, 
called fnery cinders, from the name of the furnace 


employed for the process. x 
The malleable iron is of two sorts, viz. that 


called red short iron, whieh has the property of 
being malleable when cold, but brittle when hot; 
and that called cold ort iron, which is-malleable 
when red hot, but brittle when cold, 


3 *, - - 
4 / 


nat. Phil. vol. iii. sect. xxiv. 
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Steel is formed tom iron, by exposing the! iron 
to a strong heat for several hours, whilst it is sur- 
rounded by substances that contain a great deal 
of the carbonic principle, as charcoal, oleagi= 
nous substances, &c.: hence it is generally be- 
lieved, that the iron becomes steel only in conse- 
quenee of its acquiring a greater quantity of the 
carbonic principle, called carbon by the chy- 
mists: but there is some sort of malleable iron 
which will never become steel; and I am informed 
by a very ingenious chymist, that this effect is 
owing to the want of the semi-metal called man- 
ganese; this gentleman having found, that the 
iron, which is wont to be capable of becoming 
steel, contains some portion of manganese; where- 
as, that sort of iron which is incapable of becom 
ing steel i is quite free from any admixture of that 
semi-metal. N 
the transition from iron into steel, the 
weight of the metal is not at all, or very little 
increased; but it acquires several remarkable pro- 7 
perties. Steel is generally harder than malleable 
iron; if may be hammered when cold, but in- . 
comparably better when red hot; it may be fused; 
and it is capable of acquiring various degrees of 
hardness. Hammering will harden it to a certain 
| degree; but if it be made red hot, and in that 
state be plunged into cold water, or other cold 
| Jjquor, so as to cool it suddenly, it becomes ex- 


* 
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ls hard and brittle, 50 that it can neither 


be hammered nor filed; and, the greater the dif- 
| ference between its degree of heat and that of the 
85 liquor i in which it is plun ged, the greater is the 


degree of bardgess it acquires. The steel, after 


. having been thus hardened, may be soſtened to 


any required degree, by exposing it to a proper 
heat, which operation is called tempering. The 
soſtening by this means is accompanied with a 
gradual change of colour; which colour, however, 
is merely superficial, but remains as long as the 
steel is not rubbed with something capable of 


_ geraping off part of the metal. Thus, if the har- 


ened piece of steel be laid upon a red-hot iron, 


or be heated” in any other manner, it will first 
acquire a reddish, then a yellowish or straw co- 
bour, which will gradually deepen, and change 
into bloidh, deep blue, and Jastly, the steel be 
comes red bot. Now, if the piece of steel be 
removed from the heat just when it has acquired 
thbe straw- colour, it is then soſtened a little, and 
Just sufficiently to serve for points of drills, and 
some other tools; hence this degree of soſtening 
is called drill temper. If the piece of steel be 
= removed. from the beat as 800n as it becomes blue, KS 
it will be found to be softened sufficiently 8 
Serve for springs; hence that degree of softening 


is called spring-temper. If the steel be suffered to 


become red hot before! it be removed, it will bo 


- A 75 
8 k 


tion of ferruginous aubsfances; ; adding the word 


av or enz ISN. 45 | 


p hae to hore lost all Ss bardness which it had 


' peguired 3 in the first process. 


By repeated hardening and softening, a 1 | 


steel becomes less and less fit for nice work: but 


even in steel newly formed, there gccurs a Cong 
derable variety; and that sort is reckoned the best, 
-pyhijch in its fractures exhibits a small, nn | 


and-silvery granulated appearance. 


All the above-mentioned species or teten of 
iron are capable of calcination, v/z, of being re- 


duced to rust, and of course, to various intermer 
diate states between that of good metal and that o 
red cals, This change, according to the more 
general opinion, is occasioned by the absorption, 


of the oxygen; and in fact, if the calx of iron be 


exposed to a strong heat whilst it is surrounded 
by charcoal dust, or other substance capable of 
absorbing the oxygen, the calx will become * 


again. 


In the billing pages, the kh of with 


we shall comprehend all tho above-mentioned 


states or species of iron under the general appt. 


 metallig. to those which are in a metallic state, and 
the word calcined to thone whioh are in a eee 


17 state. 


A 5 8 . in 00 . 
a of this, as well as of other metals, Which 


. that the. metal EY Sou by _ * 


1 
* n az EIT. + 
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- cined, and the calx loses weight by being reduced 
. into metal. Thus it has been observed, that 
100 grains of the brown calx of iron will produce 
about 85 grains of iron; and 100 grains of the red 
_ealx will produce about 75 grains of iron: and, 5 
on the contrary, the above-mentioned quantities 
of iron will produce 100 grains of the brown or 
red calx respectively. 
This increase of weight has been ascertained to 
bb owing to the base of a certain permanently 
elastic fluid, which combines with the calx in a 
*greater or smaller proportion, according as the 
"calcination is more or less perfect; and the'dimi- 
nution of weight observed in the reduction of the 
calx into meta}, to be owing to the escape of 
that same principle from the calx. Upon these 
grounds, some ingenious persons have imagined, 
that the calcination of a metal, or the reduction of 
| the calx into metal again, had nothing to do with 
the inflammable p beiple or phlogiston of the 
chymists; but that it was all to be explained by 
the loss or acquisition of the said base, called 
oxygen. Various arguments and experiments seem 
to establish the latter opinion; but the nature and 
limits of the present * not permitting me to 
expatiate on this subject, I must refer those 
readers, who are desirous of examining it farther, 
to other books, where they may be informed not 
5 only of the above-mentioned N but W 


* 5 
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"of the. particulars concerning ha aids fluids | 


which may be obtained from the solution of iron, 


and of other properties relating to this most useful . 


metal. « 
The metallic ferruginous substances are soluble 


in all acids, though not with equal facility: and 


if any vegetable astringent be added, the solu- 


tion will become black; but if Prussian alkali be 


added, instead of the vegetable astriugent, then 


* 


the solution will become blue. — M 
The natural magnet, mentioned at the begin- 
ning of this chapter, is ap ore of iron; and it 


contains a greater quantity of iron, either in the 
metallic state or not much oxygenated, than 


most other iron ores. However, though every 


magnet Seems to contain some iron in a metallic 


State, yet it does not follow that every ore, which 


contains the iron in that state, is magnetic; thęre 


having been found many iron ores, which bag all 
the appearance of good magnets, but were not 


possessed of the magnetic properties. 


Besides the iron particles, the natural magnets 


often contain a * of quartz and argil, and 


* 7 


Hist. de i Acad. since the year 1778. —Pricstley's 8 Euyeri-: 


5 ments and Observations relating to the different Sorts of Air, 
2 Kc '—Rozier's Journal de Phis. for e 1 La- 2 
Ei RE" of Chem. &c. | N 


1 


+ Some old writers on magnetism make mention of certain 


load-stones $0 light as even to swim upon water. But as iron 


4 
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I; some sulphur, borguos when made red 


hot they generally have a sulphureoug smell; be- 
tides which, many other substances may be found 
is 2 e not 50 Frequently as those men- 
. "Magnets differ in specific gravity W to 
„ be proportion and nature of the other ingredients 


cqmat are mixed with the iron or martial part, but 

FE generally they are about seven times heavier than 
Pp _ distillgl water.. 

_ -MPheir colour is W al browniah Blacks 
. | though, as may be ingpgined; a considerable dif- 


5 . A . | hothrogenoous substances, and by the state of the 8 
FL 5 ton contained in them. The magnets which are 
ound in Arabia are reddisb, those of Macedonigs 
"IE 8 ee ski, and those ſound in Hungary, Ger- 
5 nas, Britain, and Italy, have e the FOO: 
. 5 55 3 wroaght 1 Iron, 5 v 
„ * hardness of magnets is such as jut to 
accord sparks when struck with steel; but it is 
—_ ” ahrgonely: ee, "fit turn en in a lathe or WW 
—_ by a fle. . 
ek . : | 1 2 waere spread Fs Foe: the —_ of n it is | 
C improbable that some light, spungy, volcanic productions 
5 1 may contain a quantity of iron particles with some vestiges = 
5 5 54 Is e « oufficient to on the LN of magnet to uit re \ 


* 
* 3% 


is often occasioned- by the admixture; of 
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It has been observed, that generally those mag- bn” 
"nets, which have a fine close grain, are more < 
powerfully magnetic, and retain the virtue mugh 
longer, than those which are of a coarser grain; 7% 
and even longer . the artificial enn which 1 
„are made of steel. | 
They are found in many parts of the woellh 
and almost wherever there is a good iron WN 
In Europe they are met with pretty frequently, in 
the mines of Germany, in the Apenniges, in \ 
France, in the islands of the Mediterranean Sea, | 
in Britain, in. Ireland; and in various other places. " 
Asia does likewise abound: with magnets; neitber 
are the other parts of the world. without them, | "of 
though not very oopiously; or perhaps for want 
af ; sufficient, examination so great a quantity of 


- 


and Asia. They are not und of any: rs. 2 = 
e eee Geer „ 71181. 
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or MAGNETIC ATTRACTION AND nerulsiog, | 

Tus various s0rts of attraction kitherts bigvgs 
vered may be reduced to five: vis. I. The at- 

traction of gravitation, or that power by which 

bodies fall towards the center of the earth, and by 
which the immense bodies of our planetary system 

by are retained within their proper orbits. 2. The 
attraction. of cobesion, wbiehr takes place when 
"di parts of bodies are put in close contact, as. 
when two smooth, and like surfaces of meta 
glass, marble, or other substance, are pressed one. 
upon the other. 3. The chymical attfaction, or 
affinity, which occasions an intimate mixture and | 

| alteration of two or more substances of different 

nnatures. It requires the immediate contact of the 
parts of the bodies; in order to take place. Such 

is the attraction between acids and alkalies, be- 
tween acids and metals, &c. 4. The attraction 

of electricity, possessed by all sorts of bodies when 
electrified; which acts on substances of every | 
kind, and extends its sphere of action to a con- 
siderable distance. 5, Lastly; The attraction of 
| * which acts My upon iron, or Bog 


op 
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those bodies which contain that metal in some 
state or other; hence, besides other obvious pecu- 
liarities, this sort of attraction way be. easily dis- 
ünguisbed from the res. | 

A piece of iron, or steel, or other S0 


substance, being brought within a certain dis- 


tance of one of the poles of a magnet, is attracted 
by it, so as to adhere to the magnet, and not suffer 
to be scparated without an evident effort. This 
attraction is mutual; so that the iron attracts the 
magnet as much as the magnet attracts the iron; 
for if they be placed on pieces of wood, so as to 
float upon the surface of water, it will be found 
that the iron adyances iowards the magnet, as well 
as the magnet advances towards the iron; or, if 


1 the iron be kept steady, the n. will move 
* towards i it. 


The strength or degree of magnetic 4 attraction 


varies according to different circumstances; name- 


ly, the strength of the magnet, the welght and 


shape of the body presented to it, the magnetic or 
unmagnetic state of that body, the distance be: 
tween it and the magnet, &.: which particulars 


we sball now examine in their order. 5 
A magnet attracts a piece of soft and clean i iron 


more forcibly than any other ferruginous body 


of the like shape and weight: The iron ores, 
amongst which the natural magnet, is compre- 


hended, are attracted more or less forcibly, in 


0 


—— 
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proportion as they contain a greater or less q um- 
tity of metallic particles, as that quantity is in a 
more or less perfect metallic state, and as it is of 
a softer or harder nature; but they are all, as well 
as hard iron and steel, attracted less r than 
soft! iron. 5 
If a piece of iron be presented suecessivelp to 
the various parts of the surface of a magnet, it 
will be. found that the attraction is strongest at 
the poles of the magnet, viz. those parts of the 
surface which, when the magnet is freely sus- 
pended, are directed towards the north and the 
south; that the attraction diminishes in propor- 
tion as the part of the surface to which the iron is 
presented recedes from the poles; and is very little 
or not at all perceivable about those parts of the 
surface which are equidistant from the poles. BY 4 
The attraction is strongest near the surface of 
the magnet, and diminishes as it recedes from it: 
vix. if a piece of iron be placed in contact with 
one of the poles of a magnet sufficiently strong, 
they will adhere to each other, and there is re- 
quired a certain force to separate them; but if the 
same piece of iron be kept at an inch distance 
from the same pole of the magnet, there will also 
be perceived an endeavour to attract it; but the 
force required to prevent the iron running to the 
magnet will be found to be much smaller than 
that pls was ie to ene them in the 
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first. case: and 1 the iron be held at a distance 
greater than one inch, the attraction will be found 
to be still weaker; and so on. 
Though the attraction between the magnet and 
the iron, or other ferruginous body, is stronger 
within a short distance than farther off, yet the 
law gf that diminution has not been yet ascertained, 
notwithstanding the repeated endeavours of the 
greatest philosophical and mathematical geniuses. 
For instance, it is not known whether, at a given 
distance, the attthetion of a magnet in general is 
twice, three times, or any other number of times 
greater than at double that distance. The ana- 
logy of other energies; which being propagated 
from a center, and expanding into a sphere, have 
their densities diminished in the proportion of the 
squarés of the distances, would easily persuade 
one to expect the same law in magnetics; but 
experience does not sbew it. Various accurate 
experiments, made by different philosophers, have 
been attended with different results. In some, 
the attraction seemed to decrease in the inverse 
ratio of the distances, with sufficient regularity; 
but in others, it decreased much faster, or in dif- 
ferent proportions at different distances: so that 
the only general conclusion, which may be in- 
ferred from them, is, that the decrease of magne- 
tic attraction is not slower than the inverse ratio 
B 2 
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of the distances; vis. at double the Reta the. 
attraction is half as strong, or rather less; at tre- 
ble the distance, the attraction is one third as 
strong, or rather less; and so on.“ | 
In order to give the reader an idea of the bord 
mentioned irregularity respecting magnetic at- 
traction, and also of the distance to which it, may 
extend itself, I shall Subjoin four experiments ac- 
nor wh made by the learned Musschenbroek. - 
Exp. I. A cylindrical magnet, two inches long, 
and weighing 16 drams, was Quspended to one 
scale of an accurate balance, and under it there 
was placed, upon a table, a cylinder of iron, which 
was exactly of the same bulk and shape. Things 
veing thus prepared, the cylinder of iron was 
successiyely placed at different distances from the 
magnet, and at each distance the degree of at- 
traction between the iron and the magnet was 
ascertained by weights put in the opposite scale of 
the balance. The results were as follows, vids. 


/ 5 
7 * 3 * 
S wm 


From some other experiments made with magnetic needles, 
which will be considered in the sequel, it appears that the at- 
traction decreases in the ratio of the cubes of the ee, 


= Irſtroduetion to N atural en, chap. xix. 
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Distance in inches. Attractions in grains, 


Exe. II. A spherical magnet, of the same 
diameter as the eylindrical one used before, but = 
of greater strength, was affixed to one of the ” 

scales of the balance; and the cylindrical magnet, - 
used in the preceding experiment, was placed 
upon the table, with its south pole upwards, a 
facing the north pole of the spherical magnet: 
In- this disposition of the — the attrac- 


O 


. tions were found to be as follow: 3 0 


Distance in inches. ; Attractions in grains. | . 
6 — 25 — - = = — 21 155 a 5 * | 
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and bande: the globular magnet. The result was 
as follows: 


Distance in inches, | Attractions in grains. 
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| Exe. IV. Instead of he iron cylinder, a globe 
of iron of the same diameter as the spherical mag- 
net was placed upon the table, and the attractions 


were ſound to be as follows; e 
"I in inches. | Attractions in grains. 
= 8 Io ] TTT 
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a The came. .magnet was found to attract a ahorter diner 
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From the second and third experiments it ap- 
pears, that, when in contact, a magnet attracts 
another magnet with less force than a piece of 
iron. This has been confirmed by many other 
experiments. But the attraction between two  -—. 
magnets begins from a greater distance than be- 
tween the magnet and iron; hence it must follow 
a different law of decrement. 
The attraction between a given magnet and a 
piece of iron, is subject to a variation arising from 
the weight and shape of the iron; there being a 
limit, in the weight and shape of the iron, in 
which the magnet will attract it more forcibly 
than either a greater or a smaller one: but this 
most advantageous weight and extension of the 
| piece of iron can only be determined by actual 
experiment, it being various according to the 
various nature, strength, and shape of the magnet, 
as well as of the iron. 
Magnetic attraction takes place between the 
magnet and such ferruginous bodies as were not 
magneiic before, or between the contrary poles of 
two magnets: but when two magnets are placed 
with their poles of the same name toward each 
other, then, instead of attracting, they repel each 
other. However, it often happens, that though 
the north pole of one magnet be placed near the 
north pole of another magnet, or the south pole 
of the one be * near e tho south * of the 
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other, yet they attract each other: and sometimes 

* shew no attraction nor repulsion. 
In order to reconcile this apparent eontradio- 

tion, it is necessary to mention first another phe- 


nomenon, which takes place whenever a piece of 
ferruginous substance is brought near a magnet; 
and which indeed is the foundation of, and serves 


to explain a great many, other appearances, other- 


wise unintelligible, in the science of magnetism. 


The phenomenon, in short, is this: when 


a piece of iron, or any other substance that con- 


tains iron, is brought within a gertain distance of 
a magnet, it becomes itself a magnet, having the 
_ poles, the attractive power, and in short every 
property of a real magnet. That part of it which 
is nearest to the magnet, acquires a contrary pp- 
larity: thus, if an oblong piece of iron, A B, be 


brought within a proper distance of a magnet, 80 


that the extremity A of the iron may be opposite 
the north pole of the magnet, then this same ex- 
tremity A will become a south pole, and the other 
extremity. B will become a north pole. This law 


will be rendered very evident by the erperiments 
in the Third Part of this Treatise. | 


The magnetism acquired by being placed within 
the inflaence or the sphere of activity of a magnet, 
in soft iron lasts only whilst the iron continues in 
that situation, and when removed from the vici- 
nity of the magnet, its magnetism anishes im- 
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mediately; but with hard iron, and especially with 
steel, the case is quite different; for the harder 
the iron or the steel is, the more permanent is the 
magnetism which it acquires from the influence 
of a magnet; but it will be in the same propor- 
tion difficult to render it magnetic. If, for in- 
stance, a soft piece of iron and a piece of hard 
steel, both of the same shape and size, be brought 
within the influence of a magnet at the same 
distance, it will be found that the iron will appear 
much more magnetic than the steel; but if the 
magnet be removed, the soft iron will instantly _ 
lose its magnetism, whereas the hard Steel will 
preserve it for a long time. 
From these observations two consequences are 
evidently. deduced, 32. first, that there is no 
magnetic attraction but between the contrary poles 
of two magnets; for the iron, or other ferrugi- 
nous body, that is presented to the magnet, must 
become itself a magnet before it be attracted: and 
secondly, it appears why a magnet must attract a 
piece of soft iron more forcibly than hard iron; and 
much more than hard steel, viz. because the 
hard iron, and more Shecially the hard steel, does 
not become so strongly magnetical as soft iron, 
hen presented to a magnet. e 5 
We may, now resume the subject of magnetic 
fepulsion, and shew why the magnetic poles of 
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the same name may repel, attract, or not act at all, 
upon one another. | 
Indeed, the law of repuleicn being always ex- 
erted between magnetic poles of the same name, 
nearly as strong as the attraction between those of 
different name, remains certain and immutable; 
dut it often happens, that one of the magnets, 
- being more powerful than the other, will change 
the pole of that other.magnet, in the same man- 
ner as it gives magnetism to any other piece of 
iron which is exposed to its influence, and then 
an attraction will take place apparently between 
| magnetic poles of the same names; though in 
| . fact it is an attraction between poles of different 
© names, because one of them has been, actually 
changed. Thus, suppose that a powerful magnet 
be placed with its north pole very near the north 
pole of a weak magnet; it will be found, that 
instead of repelling, they will attract each other, 
decause that part of the weak magnet, which be- 
by fore was a north pole, has been changed into a 
mT. __ pole by the action of the strong magnet. 
X e chose bodies which are possessed of any 
magnetism cannot be ver te dily affected by the 
influence of another magnet, for the very same 
cause which renders them capable of retaining any 
magnetism at all, namely the hardness; and, as 
the power of a magnet diminishes in proportion ta 
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the distances from its surface, it follows, that * 
when the north or south pole of a weak magnet is 
from a considerable distance, gradually brought 
near the like pole of a powerful magnet, the pole 
of the weak magnet cannot be changed very 
easily; hence, beyond a certain distance, viz. be- 
; fore the said pole be changed, the two magnets* 
must exert a repulsion against each other; but 
when the small magnet has been brought so near 
the powerful one, as that its pole may begin to be 
changed, then neither an attraction nor a repul- 
sion will take place; and when the two magnets 
are approached nearer than that limit, then, the 
pole of the weak one being changed, an attraction 
will ensue. , 
Aſter these observations, the ingenious reader _ ; 
may easily imagine that the decrease of repulsion 
between homogeneous magnetic poles must be at 
least as much, if not moreMirregular than the de- 
erease of the attraction at different distances. It 
is likewise evident, that many objects must be had 
in view, in attempting to nn the law of. 
that decrease. 

Neither the . nor the e 
magnetism is sensibly affected by the interposi- 
tion of bodies of any sort, except iron or ferrugi- 

nous bodies in general. Thus, suppose that when 
2 magnet. is placed at. an inch distance from a 
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piece of iron, there is required an ounce of force 


- to remove it; or, which is the same thing, sup- 
pose that the attraction towards each other is 


equal to one ounce; it will be found that the said 


degree of attraction remains constantly unaltered, 


vir. always equal to one ounce; though a plate of 
other metal; or of glass, or paper, or other body, 
de interposed between the magnet and the iron; 


or though they be inclosed in separate boxes of 
glass or other matter. Neither the absence or 
presence of air has any effect upon them. In 
short, no other substance besides iron, or those 
lies which contain that metal in any of its 


i Hollie States, does sensibly affect the pry 


or repulsion of magnetism. 
Heat weakens the powet of 2 a Wage; N a 


de power of a e must be en vary- 
ing. 0 | 


white heat destroys tt entirely, or at least in a 
great measure. Hence it appears, that from this 
cause alone, besides bthers which may concur, 


* The 5 power 3 a niet may bi in- 
. creased considerably by gradually adding more 
and more weight to it; M by this means it will 


be ſound that the magnet will keep suspended on 


one day a little more weight than it did the pre- 


ceding day; which additional weight being added 


_ t9 it on the following day, or some time after, it 
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will be found that the magnet can keep suspended 
a weight still greater, and so on as far as a certain 
limit! | . 

On the. contrary, by an improper situation, or 
by putting a very small weight of iron to it, the 
magnet may gradually lose much of its strength. 

It has been said by various authors, that in 
these northern parts of the world, the north pole 
"of a magnet generally. has an attractive power 3 
somewhat stronger than the south pole; but in 

the southern parts of the earth, the south pole of 
the magnet is said to possess the greatest attractive 
power. This law, however, has not yet been 
| properly ascertained. | 5 
The holding of a piece of iron of some mag- 
nitude to one pole of a magnet, increases the % 
attraction of the other pole, 50 as to enable it to 
lift a greater weight. | | 

It has been observed, that amongst the Batu 
magnets, the smallest generally possess a greater 
attractive power, in proportion to their size, than 
those which are larger. There have been often 
seen natural magnets not exceeging the weight of 
20 or 30 grains, which could lift a piece of iron 
that weighed 40 or 50 times more than themselves. ; 
Mention is made of a small magnet wore in a 

. ring, which weighed about three grains, and was 


Ly 


TY 


by capable, of taking up 746 grains, or nearly 250 
times its own weight; and I baun seen one which 
i | 5 = + | WW 
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could not weigh more than ix or Seven grains, 
and was capable of lifting a weight” of about 300 
grains. But magnets of above two pounds 3 


_» $eldomlift up 10 times their own weight of iron. 


It often happens, that a natural magnet, cut off 
from a larger load-stone, will itself be. capable o 
lifting a greater weight of iron than the original 
large load-stone from which it was cut off. This 
must be imputed to the heterogeneons nature of 
the large load-stone; for, suppose that one part of 
it contains a good quantity of pure metal strongly 
magnetical, the rest- of it being impure or mixed 
with other substances it is plain that the impure | 
part can only obstruct the action of the purer part; 
hence this latter, being Separated from the rest, 
must act more e than the whole . | 
| ther did. . 
As both magnetic poles is attract a muelx 
greater weight than- a single-one, and as the two 
poles of a magnet are generally in opposite parts 
of its surface, in which situation it is almost 


impossible to adapt the same piece of iron to them 


both at the same time; therefore it has been 
commonly practised to adaiſſt two broad pieces of 
soft iron to the poles of a load-stone, and to let 
them project on one side of the magnet, because in 
that case, the pieces of iron being rendered them- + 
selves magnetic, another piece of iron could be 
conveniently. adapted to their projections, so as 
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to let both poles act at the same time. Those 
pieces of iron are generally held fast upon the 
magnet by means of a brass or silver box. The 
magnet in this case is said to be armed, and the 
pieces of iron are called the armature. 

In fig. 1 of plate I, AB represents the magnet; 
CD, CD, represent the armature or pieces of 
iron, the projections of which are D D, and to 
which the piece of iron F is made to adhere. 
The dots EC DC represent the brass box, 
having a ring E at its upper part, by which the 
armed magnet may be suspended. Thus the two 
poles of the magnet, which are at A and. B, are 
made to act at DD, where the straight piece of 
iron F may be conveniently applied. , 
For this purpose, and to avoid the armature, 
Gerüfeial magnets have been made in the shape of 
a horse-shoe, having their poles in the truncated 
_ extremities; for which reason they have more 
| power than the n! magnetic bars. 


V LAWS OF MAGNETISM: 
: 
CHAPTER III. 
458 OF THE MAGNET'S DIRECTIVE PROPERTY, of 
POLARITY? 


LESS in 
Ir is an invariable law in magnetics, that no 
magnet is without a south and à north pole; but 
it often happens that the same magnet has more 
than two poles, viz. some of one name, and some 
3 of the other. The figure, and also the hetero- 
genedus nature of the magnets, is the principal 
cause of their often having more than two poles; 
It is impossible to determine the number and situ- 
ation of the poles in a magnet without actuat 
trial; and the method of ascertaining them is, to 
present the various parts of the surface of the 
magnet in question to one of the poles of another 
= _ magnet that is freely suspended; for, those parts 
= of the magnet which repel the other suspended 
one, have the same polarity, and those which 
=_ attract it, have a different polarity. For i instance, 
| it the magnet be presented to the north pole of 
'£ the other suspended magnet, then those parts ot 
the former which repel the latter are possessed ot 
a north polarity, and those which attract it are 
possessed of a * N i 
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* 
* laws may be remarked with respect te]. 


magnets that have more than two poles. The 


first is, that the parts adjacent to one pole are 


pon en of a contrary polarity; and the second 
is, that the number of poles of one denomination 


in a magnet is either equal to, or differs from the 


number of poles of the other denomination by one: 
Thus, if the magnet has four South poles; then it 
will have either four, or three; or five, north poles; 
Good magnets, of an uniform texture and pro- 


perly shaped, have only two poles: and they lie in 
opposite parts of their surfaces; s0 that a line 
drawn from the one to the other passes through 


the center of the magnet.“ N 
In such magnets, the line between the two 


poles is dalled the axis; and a line formed all 
round the surface of the magnet by a plane, which 
divides the axis into two equal parts, and is per- 

| pendicular to it; is called the equator of the magnet, 


It appears, therefore, that philosophers have ap- 
propriated to the magnet the poles; the equator; 


and the meridian; in imitation of the terraqueous 


5 8 : : ö e \ 
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+ Here it must not be understood, that the polarity of 4 


magnet resides only in two points of it; for, in truth, it is the 


half, or a great part of the magnet, that is possessed of one po- 


larity, viz. has the property of repelling the contrary pole of 
another magnet, and the rest of the magnet is possessed of the 
other polarity: the poles then are those points in which 125 
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5 EO 4 
globe; but, to complete the similarity, magnets 
have been often made of a spherical shape, with 


the poles and equator marked on their surfaces. 


When so shaped, they have been called n 


that is «mall earths. 


If a magnet be broken into two or more parts, 
each part is a-perfect magnet of itself, having two, 
and sometimes more, poles;, though not every one 
of the parts has always the same number of poles, 
The poles of the fragments generally, but not 


always, answer to the poles which were nearest to 
them in the original magnet. 


When a magnet can move itself freely, as, if it 
be suspended by a fine thread, or if it be made to 
float on water by means of a piece of wood, or if 
it be poised on a point, and provided it be not 


disturbed by the vicinity of iron, &c. it will. 


place itself so as to direct its north pole towards 
the north, and the south pole towards the south. | 
Besides, - it depresses one of its poles below the 


Horizon, at the same time that the other pole is 


elevated above it. Of this latter property or in- 


 clination, we shall treat in the next Chapter, and 
1 shall examine the former only! in the present. 


When a magnet, that is freely suspended, has 
only two poles, it will place itself very readily in 
the magnetic meridian, or in that plane in which 
other good magnets are wont to place themselves: 
Hut when it has more than two poles, it may bap- 
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s pen, that those poles are so situated as that the 
magnet will not traverse, that is, it will have no 
directive power, and yet it will attract, repel, &c. 
Suppose, for instance, that an oblong magnet 
| possesses a north polarity equally strong at each 
: extremity; and a south' polarity in the middle; it 
is plain, that as each of the extremities has an 
equal tendency towards the north, neither of them 
can be directed towards the north in preference 
to the other; consequently the magnet cannot 
traverse.* Indeed, when both extremities have 
the same polarity, it happens very seldom that 
they are precisely of the same strength; and there- 
fore, excepting this case, the magnet will always 
traverse: however, as the case has happened some- 
times naturally, and it may, though with diffi- 
culty, be effected by art, it is proper that the 
young experimenter be apprized of it, in order to 
prevent surprige and mistakes. 8 

The directive property of the magnet is the 
most wonderful, and altogether the most useful 
part of the subject. By it, the mariners are ena- 
| bled to conduct their vessels through vast oceans, 
out of the sight of land, in any given direction; 
by i it, the miners are guided in their works below 
the surface of the earth; and travellers are con- 


\ 


* It is hardly necessary to observe, that if this same magnet 
be YOu into two an the ps will traverse very readily. 
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| ducted through deserts otherwish ate The 
usual method is, to keep an oblong piece of mag- 
"netic steel (i. ei an artificial magnet) suspended 


80 as to move very freely; which will place itself 


always in the plane of the meridian, or not much 
distant from it, vix. with one and the same end to- 
Wards the north, and with the opposite end towards 
the south; then, by looking upon the direction of 
this magnet, or magnetic needle, they direct their 
course so as to make any required angle with it, 
viz. to go in any required direction with respect 
to the parts of the world. Thus, suppose that a 
vessel setting off from a certain place, must go to 
a place which is exactly westward of the former; 
in that case, the vessel must be directed so that 
its course may be always at right angles with the 


situation of the magnetic needle, and so as to let 


the north end of the needle be on the right hand 
side, and the south end on the left hand side of 
the vessel; for, as the magnetic necdle lies north 
and south, the direction of east and west, which is 
the course of the vessel, is exactly perpendicular 
to it. A little reflexion will easily shew how the 
rexel may be steered in any other direction. 
An artificial steel magnet, fitted for this purpose 
in a proper box, is called the mariner's 98 or 


bea 1 or simp] y the compass.® 
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Though the north pole of the magnet, in every 
part of the world, is directed nearly towards 
tbe north, "yet it happens very seldom that it 
points exactly towards it, and, of course, that the 
south pole of the magnet points exactly towards 
the south. In other words, the magnetic meri- 


dian does seldom coincide with the meridian of | : a 
the 2 and generally declines a few degrees 


Ak” Plats, 4 as. The J ews were - 3 with 
it. See Kircher De Magnete, lib. i. cap. v. But the earliest 
knowledge of its directive property, or the discovery of the use : 
of the magnetic needle in Europe, Was not known before the 5» ll 
' 13th century. 
The honour of this invention has been "ab contended a 5 
but by che consent of most writers it seems, that a certain Flavio 
or John de. Gioja, or Giova, or Gira, a Neapolitan, who lived in 
the 13th century, has the best title to the discovery. Dr. Gil- 
dert, an English writer of the 16th century, in his book De 
7 Magnete, affirms, that Paulus Venetus brought the invention f 
the compass to Italy in the year 1260; having learned it of the 7 
Chinese. Ludi Vertomanus asserts, that when he was in the 
East Indies, about the year 1500, he say a pilot direct his course 5 
by a magnetic needle fastened and formed like those now in use. oo 2 FE 
And Mr. Barlow, in his Navigator's Supply, anno 1597, relates, * 5 5 | 
that i in a personal conference with two East Indians, they af. OM 
_ firmed, that, instead of our compass, they used a magnetic nee. No je 
dle of about six inches in length, sygpended upon a pin in a 
dish of white China earth filled with water, in the bottom of 
which there were marked fwo cross lines to indicate the princi- 
pal winds; the rest of the divisions being left to the skill of their 
pilots. But these two last observations, being of a date much 
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eaward or PLATE of it. This declination ia 
different in different places, on land as well as at 
sea; and- is also continually varying in the same 


5 places. For instance, the declination in London 


is not the same as at Paris, or as at the Cape of 
Good Hope; and the declination in London, or 
at some other place, i is not the same now as it was 
20 years ago, or'some time ago. The change or 


yariation 8 the declination may be Owned: even | 


16 „„ TS 


| 1 a 8 © 7 : : a Fg * 


e with respect to its WER 8 since "the = * 


that magnetic property mien n N e ints Asia by 
some European. 
P. Duhalde, in bis General Wer of Chins, ed. i. in 1 


| Annals of the Chinese monarchy, speaking of the Emperor Ho- 


angti, when he gave battle to Thi Yeou, says, He perceiving 


l that thick ſogs aaved the enemy from his. pursuit, and that 


« the soldiers 'rambled out of the way, and lost the course of the 


5 5 wind, be made a carr, which shewed them the four cardinal _ 
Bo points: by this method he overtook Tebi Yeou, made him 


E prisoner, and put him to death. Some say, there were en- 


£ ambassadors, says, 2 


4 graved in this carr, on a plate, the characters of a rat and a 


1 horse, and underneath was plared a needle to determine the 


% four parts of the world. This would amount to the use of 
- the compass, or something very n it, being of 1 great anti- 


_ * quity and-well attested.” 


And, -in another p. of the 52 same W gpeaking « of certain 
7 they had their audience of leaye, in 
order to return to their own country, Tebeon Kong gaye them _ 


9 1 an instrument; which on one side pointed towards the north, 
: « and on the opposite side towards the south, to direct them 


. better on their way home, than they had been directed in 


= . to > China.. This een was No co Tei Nan, | 


U 
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in one hour's time; or more properly speaking, 
the magnetic meridian, in one and the same part 
55 of the world, is continually shifting its situation. 
This variation cannot be owing to any imper- 
Ruten in the construction of the magnetic nee- 
dles, or to the various strength of different mag- 
nets, because all the magnets or magnetic needles, 
that are kept in the same place, shew exactly the 


1 some eee e they be freely sus- 


\ 


5 1 which is the same name as 1 Chinese now call the sea 


BE. 5 ompass by: this has given occasion to think, that Toben 


Kong was the inventor of the compass. This happened in 
the 22d cycle, above 1040 years before Christ. © 
|  . Renaudot adduces strong reasons against the knowledge of 
: the mariner's compass amongst the ancient people of China, 
© and of Arabia, \ See Kircher De Magnete, lib. i. cap. v. | 
Sit G. Wheeler says, that he had seen a book of astronomy 
older than the year 1302, which mentions the use of the needle in 
astronomy, but not in navigation, And in an old French poet, 
named Guyot de Provins, who wrote about the year 1180, there 
is express mention made of the load- stone and the compass; but 
| their use in navigation is obliquely hinted at. 
The Spanish Jesuit Pineda, and Kircher, ha that Solomon 
knew the use of the compass, and that his oulonts did 1 wats 


use it in their navigations. 


Notwithstanding the foregoing 3 it is *till very doubt- | 
il, whether the use of the compass in navigation, ot even the 
. traverbing property of the load stone, was known by any people 
nn in, or about the 13th cen- 
tury; in which time the above-mentioned Flavio, or John de 
© Givjaj if not the inventor, was at least the first who FOR it the 
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pended, and not placed within the aflnonnt of : 


ceacb other, or of other ferruginous bodies. 


* 


The uncertainty of this declination in different 


parts of the world, -is one of the greatest impedi- 


Wu 


ments against the perfection of navigation; and 


therefore philosophers bave spared no pains in 
endeavouring to investigate its cause, and, if pos- 


sible, to carrect the errors that necessarily arise 
from it; but human industry has not yet been 
able to elucidate this obscure part of the subject 
of magnetism. 3 | VVV 

Ever since the discovery of the declination of =. 


the magnetic needle, ingenious persons, both at 


sea and on land, have assidaously endeavoured to 
ascertain its quantity in different places; and their | 
observations have been not only registered in 


books, but are also set down in good sea charts, : 


for the use of future navigators: however, those 


1 5 observations can serve for a few years only, on. 


account of their being inconstant and fluctuating 


in the same places; nor has it yet been discovered 
that. this variation or fluctuation is A to _ yy 


4 


* The FOO of. the declination of the magnetic FRO 18 5 


| generally attributed to Sebastian Cabot, a Venetian, who is said 


- fone? in e College, e the year py Is 


to have discovered it in the year 1500; though in truth it was 


5 Columbus, who, as is mentioned in his life, discgvered it in hia 
first voyage to America! in 1492; but the variation of the decli- 
nation, or the variation of the declination i in the. same place, 


but at different times, was discovered by Mr. ee a 1 


% 


| 1 or «oiled. though various duties have 


been ſramed for its explanation. 


When the compilation of the present nh wan, 
first begun, my design was to insert in it all the 
observations relating to the declination of the 
magnetic needle, which had been made in diffe- 5 


rent parts of the world, and at different times, for 
the use of those persons who might wish to inves- 
tigate the cause or period of that variation; but, 
after having extracted the obseryations of divers 
navigators and other observers from the accounts 


of voyages, &c. it appeared that the bulk of those 


observations alone, independent of any other part 
. of the subject, would require a volume larger than 


the present. Considering, therefore, that this 


additional volume could be of use only to a few 


speculative persons (and probably i it would not be 


productive of any useful theory; since, as will be 


particularly mentioned in the sequel, the cause, 
upon which the declination and its variation are 


likely to depend, seems to be itself very fluctu- 


ating and irregular) I have contented myself with 
zubjoining only a list of a few observations made 
in various parts of the world, together with the 
observations made at different times in London. 


| = After which I shall conclude this chapter with 
dome general observations relating to the declina- 
flow 2 and a yore of the daily variation, 
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* + . © Declination observed in London at different limes. 
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When the variation of the magnetic needle was 
| frat discovered, it was to the east of the meridian 
of London, and of several other places on the 
continent. It has been since that time advancing 
coContinually towards the west, so that in the year 
13585657, the magnetic needle pointed due north and _ 8 
7 South; and, at present, its variation is about 24” 

west. This gradual advance of the needle's vari- 
ation from the east to the west has been observed 
in various other places; but in some parts of the 
world the variation has neither moved with the 
same celerity, nor towatis the same way. The 
rate of its increase has neither been very regular, 
viv. if the variation increased was 10 minutes in 
one year, it did not keep constantly increasing 
10 minutes more for every subsequent year; 
9 though, sometimes it has shewn a considerable 
degree of regularity for a few years. In short, 
the observations and theories bitherto made, re- 
| latingto the variation of the magnetic needle, do : 
not point out any way, by which the declination. 
in a given place, and for. a given _ may be 3 
foretold with any degree of certaintꝛ. 
The daily variation is evidently affected by the | 
beat and cold; though their not being always | 
proportionate to. each other, shews, that heat is 
not the only cause upon which it depends. 
= I $hall now. add, as a specimen of the daily 
the observations made at different hours 


EY 


> 
— 


x * 8 bv > . 
* | — : 0 . 82 % 8 . i . — © 
| „ Ap We on” 


; 30 
- — 


46 5 LAWS oF MAGNETISM. | 


of one and the same day, and also, che mean 
variation for each month in the year, according 
to the observations of the late i ingenious Mr. Can- 


% 
* 


* phil Nan * 11 this a be desirous of N 
ing farther the observations made concerning the variations of 
different places, and at different times, he may consult the Phil. 
Trans. — the History de Academie de Paris almost all the 
Acts of other academies the observations made in the course 
Gags han Cooke's n and published by Mr. Bayly and 
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Same day. 


The detlnation ahrerved at di ;fferent hours of the 


June 27th, 1759. 5 
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_ Tax a globular ans, oy which is more 


ny easily procured, an oblong one, like 8 N, fig. 2, 


of plate I: the extremity N of which is the north 
pole, the- other extremity 8, the south pole, and 
A is its middle or equator. Place it horizontally 
upon a table CD; then take another small oblong | 
magnet, s (a common small Sewing needle, made 
magnetic, answers perfectly well for this purpose,) 
and suspend it, by means of a fine thread tied to 
its middle, in such a manner as to remain in an 
horizontal position, when not disturbed by ano- 
ther magnet, &c. Now, if the said small magnet, 
being held by the upper part of the thread, be 
brought just over the middle of the large magnet, 
within two or three inches of it, you will find, 
that this small magnet will turn itself 80 as to 
direct its south pole s towards the north pole N of 
the large magnet, and its north pole » towards the 
south pole S of the large one; agreeably. to the 
\ e law. mentioned 1 in the preceding pages, | 
that N of different name attraet . 
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© other... It will be farther observed, that the small | 7, 
magnet, whilst kept just over the middle A of the . 
large one, will remain parallel to it, and cons e. 
| quently i in an horizontal situation; the reason of 
which 1s, because the poles of the small magnet, 
being equally distant from the contrary poles of 
the large one, are equally attracted. But if the 
small magnet be moved a little nearer to one end 
than to the other of the large magnet, then one 
of its poles, namely, that which is nearest to the 
contrary pole of the large magnet, will be inclined 1 
downwards; and of course the other pole will be 'Þ 
elevated above the horizon. It is evident, that 3 
this inclination must be greater according as the 
| small magnet is placed nearer to one of the poles LS 
of the large magnet, because the attraction of the- | 
. nearer pole will have more power upon it. Far- 
ther, if the small magnet be brought just opposite 
one of the poles of the other, it will turn the 
5 contrary pole towards it, and will place itself in 
the same straight line with the axis of the . 
magnet. Observe the 1 
After comprehending this very easy experi- 
Eh ment, the reader, in order to understand the 
: phenomena, of the magnetic inclination or gs 
_ needle. upon the surface of the earth, needs only 
imagine that the earth is the large magnet, and 
that the magnetic needle, or any other magnet, is 
the small magnet of the preceding experiment; 
5 = 3 | 5 1 
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925 for, alta that the north pole of the ea is 
28 Row possessed of a south magnetic polarity, and that 
Wm opposite pole is possessed of a north tnagnetic 
poſlarity, it appears, as is confirmed by actual ex- 
perience, that When a magnet, properly shaped 

and suspended, is kept near the equator of the 

earth, it must remain in an horizontal situation; 
- that if it be removed nearer to one of the poles of 

te earth, it must incline one of its extremities, 
= "Handy; that which is possessed of the contrary 
ö magnetic polarity; that the said inclination must 
BT increase in proportion as the magnet or magnetic 
needle recedes from the equator of the earth; and 
; lastly, that when brought just upon either of the 
bo _ poles of the earth, it must stand perpendicular to 
5 the ground, vir. in the same straight line with 
he axis of the earth; The direction ef the dip- 
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My reader must not Þb ape" to herr, that 

. south magnetism is attributed to the north pole 

5 bo the earth; it being only meant, that it has a 
magnetic polarity eontrary to that end of the mag- 
5 netic needle which is directed towards it; and, as 
e call that same end of the needle a north mag- 
netic pole, we must of necessity attribute a con- 
tmlrrary polarity, that is, a south magnetic polarity, 
do the north pole of the earth. With a proper 


. change” of names, the same remark must be un- 
| | | 3 © Bi 


therefore must be considered to be possessed of a 
OY magnetic polarity. _ 
That the whole body of the ai acts like a 
real magnet, is a supposition, not only suggested 
* the similarity between the phenomena of the 


dipping needle and the above-mentioned experi- 


ment; but is confirmed by many other experi- 
ments and observations, so that it would be scep- 
ticism indeed to doubt of it: we shall, boweyer, 


exagiine this subject more at args, in | the next. 


Fart. | . : 
If the poles the earth, vix. the extremities 
of the axis, about which it performs the diurnal 
rotation, coincided with its magnetic poles, or 
even if the magnetic poles were always at a fixed 
distance from them, the inclination of the mag- 
netic needle would be regular, and navigators 
. could derive great advantage from it; for it would 
not be difficult to determine, by mathematical 
means, the degree of the inclination of the needle 
.in any given latitude; and consequently, by ob- 
ſerving the actual inclination of the-dipping nee- 
dle in any required place, the mariners could 
thereby ascertain the latitude of that place, The 
case, however, is far different; for the magnetic 
poles of the earth are continually shifting sitüa- 
tion, and that without any known regularity or 


1 "Oe, the inclination, as well as 58 ho- 
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| derstood of the south pole of the earth, which 
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m  rizontal direction, of the needle is continually = 
changing in the same place, and generally it 
changes very little in one place, and a great deal 


or nothing in another; so that the exact degree 
its inelination, in any given place, can only be 
Here followya 


5 in various places. 
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| ascertained by actual experiment. 
„ few observations of the inclination of the needle | 
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The north end 
of the needle be · 
low the horizon | 


12 
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10 


12 


94. 
1531 
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Yours in whick 
the observati- 
ons were made. 


1778. 
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Two principal obeervations- may be and with 
respect to the dipping needle: the first is, that its 
inclination does not alter regularly in going from 


north to south, or from the latter to the former, 


along any meridian; and the second is, that its 
alteration in the same place, at different times, is 
very small. Thus, in London, about the year 
1576, the north pole of the dipping needle stood 


71? 50' below the horizon, and in the year 1775 
it stood at 72" 3'; the alteration of the inclination 


in so many years amounting to less than a quarter 

of a degree, which may be even attributed to the 
error of the instruments, since, as will appear in 
the sequel, those instruments are far from having 
attained to > any perfection, even in the' pn 
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CHAPTER VI. 
or 1E VARIOUS BODIES wren ARE ar- 
. TRA ER BY THE MAGNET. - FEY 


Pan en peng, e wägnet utitacts roll 


iron, in whatever state that metal may be; but, : 


as most natural bodies contain too small a quan- 5 


tity of iron to be called ferruginous, and yet they 


are attracted by the magnet, it is proper to enu- 


merate them in this Chapter, not only to shew 
the great dispersion of iron throughout the works 


of nature, but also, because those observations 
seem likely to open the way to farther discoveries | 
in otber branches of e as 7 as mag- 
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The list of those bodies i is very comprehensive; f 


there being hardly any substance, but which, if 
not naturally, at least by subjecting it to the 5 


action of fire, may be rendered in some measure 


capable of being attracted by the magnet. 


Iron is attracted with different degrees of force, 


according to the different states of its existence; 


but it never becomes quite insensible to the mag- 
netic power. Even the purest calx, or the com- 


Pleiest solution that has been produced: of that 
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8 metal, wy properly examined, is found to be in 
somé degree attracted by the magnet. | | | 
Soft iron, clean and of an uniform texture, is on 
| a we more forcibly than the bard, or any | 
other sort of iron. Steel, especially when har- | 
dened, is attracted much less forcibly than iron. 
The scales which are separated from the surface of 
red hot iron when hammered, and the particles of . 
burnt steel that are produced from the collision of 
a flint and steel, are attracted by the magnet 
about as well as pieces of good, iron that equal 
them in bulk. . | 
. The black cal of i iron is \ attracted x very . ox 
The red calx, or rust, whether it be produced Be >. 
the action of acids, of fire, or by exposure to the 
5 atmosphere, is attracted very little; but it never 
becomes quite insensible of the magnet's action, 
though it be repeatedly washed and purified. 
When the particles of i iron are in the form of 
black scales, or even in that of red calx, they are 
often of such a nature, perhaps owing to their 
8 as to acquire a weak but sensible pola- | 
. rity from the "influence, of a strong magnet; 80 
5 tbat, by changing the pole of the magnet that is 
presented to them, they may be made to turn 
85 accordingly; though, in general, NET. are at- 
| Haden alike on eyery side. 
Besides the different states of purity, the at- . 
k wi * Taction between the. iron and a magnet is Subject . +1" 
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to a obe erbte variation arising from the s size of 
the iron; for a single piece of iron of a certain 
bulk, which, as was observed in the Third Chap- 
ter, must be determined by experiment in any 
magnet, is attracted more forcibly than either a 
larger or a smaller piece, or than many pieces, 
E 7 which, taken all together, are equal to it in 
. weight; hence it follows, that a quantity of iron 
EW is attracted with the least force, when reduced 
BO into the smallest bits, or finest powder. 
The ores of iron are attracted more or less rea- 
dily, according as they contain a greater or smaller 
quantity of metal, and as that metal is in a more 
or less perſect metallie state; but they are always 
attracted, even those which contain so small a 
quantity of metal, as 8 Ms to deserve the name 
. © 8 ) 
By the action of 4: thek iron ores are re generally | 
put in a state of being much more -readily at- 
tracted, which is evidently owing to their acquir- 
ing more of the inflammable principle, or to their 
approaching nearer to the perfect metallic state. 
In fact, if those ores which are very weakly at- 
| tracted, be exposed to the action of fire, when 
they are surrounded by substances which abound 
with the inflammable principle; they are — 
rendered much more capable of being attracted, 
than if they be exposed to an open fire, and 10 
the current of air, MF Hogs, 1 8 
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"The ores of other metals are generully, though 1 
weakly, attracted by the magnet, which shews | 
their containing some iron; such are the ores of 
lead, of tin, and of copper. Native cinnabar is 
| likewise attracted; "but the factitious ciontbar | 
is not.“ ; ES 
Ĩ be pure metals are not Acts and it is 
very singular, that though pure lead is not at- 
tracted in the least by the magnet, yet its calx is 
a little attracted. The calx of tin is like wisse 
| Attracted, but even in a smaller degree. | 
of the semi-metals, Zinc, bismuth, and parti- * - 
a cobalt, as well as their ores, are almost 4 
always attracted by the magnet. Antimony is — 
not: attracted, unless i it be first N to a e es 
7 * fre, Arsenic is not attracted at all. 
A certain sort of bismuth is ad to possess a 
very singular property, which is, that the goa. 
ET it on. ny ee] TIM OY 


* 
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* This A” hows, that. the colour 61 a mineral is not 
3 a sure indication of its containing iron; for both sorts of : 
 cinnabar have the same red colour. br 7 xy 
Ses Brugman De Affnit. Magnet. ix. I 05000 2 On 
6 » « Bismutum colore albo, argenteo, nitente, trahitur a mag- = | 
. 155 nete, erescitque illius attractio ex igne semimetallum hoc in 
s calces vertente; sed bismutum cujus colori magis obscuro 
LL quid de violaceo inhærebat singulare admodum phenomenon 
. exhibuit. Ejus scilicet portio, circello chartaceo qu, inna- "0 
e tanti immissa lente, ab utroque magnetis polo in omnemnmn 
5 PT! 6 8 Huie wor ag me semel pit 4 — 0 
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| Whoever considers the vast dispersion of i iron 
throughout the world, and its being always ca- 
pable of attraction towards the magnet, will easily 
believe, that there is hardly any substance in na- 
ture, which, if not in its usual state, at least by 
burning, may not be rendered capable of being 
in some measure attracted by the magnet. 

The other minerals, besides the metallic, are | 
almost all attracted. by the magnet, at least after 
having been exposed to the action of fire. Of 
the pure earths, the calcareous is least or not at 
all, and the siliceous the most frequently, at- 
e Sang. is generally Vapo. copgrially | 


1 1 wa, 1 of 4 ” 13 at © 
e + 


a au, inter aliens. experiments an Sas YT me- 
& mini; in molecula exigua ex lapide nostro molari excussa. 
tc Repulsio hæc bismuti singularis in attractionem ignis ope 
s mutatur perquam tamen continuo ee e g De 
Affinit. Magnet. 5 cl. 3 5 | 
„When substances 3 1081 or, as it is ee * 
several mineralogists, are to be roasted, for the sake of render- 
ing them more easily capable of being attracted; it has been 
recommended by various ingenious persons, to surround them 


. | with what they call a reducing flux, viz. with substances that 


contain abundance of inflammable matter, in onder to revivify, 

as much as possible, the small quantity of 1 iron calx which i isin 
the substances to be examined; but care should be had, that, in 
this operation, some quantity of i iron be not imparted to, those 
substances by the redueing flux itself. by common earthen eru- 

cible, though itself magnetic, yet it has been, found that it 
| bs 1h no iron to the substances that are e in 5 to 
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the black 1 which e contains a 
5 oy deal of martial earth, or rather half-formed + 
* and _—_ combunible minerals are ge- 
en ee 10 abs Rs expecially after . 
burning. | 
Of the precious ziones, those which are oc 
eid, as the diamond, and crystals, are not attracted. 
The amethyst, topaz, chalcedony, and generally : 
those which are deprived. of their colour by 
fire, are not attrac ted. The other precious stones 
are all attracted; vix. the ruby, especially the 
oriental, the chrysolite, and the tourmalins. The 
_ emerald, and particularly the garnet, are not only 
attracted, but frequently acquire an evident Ppola- 
rity from. the influence of a strong magnet, so 
that, aftervards they are attracted from one side 
and repelled from: the j er. . 2 . "pal. is bus. 
ern attracted. me 31 | 
Almost every Ds p09 a or e FR NL 
ts after combustion, i in great measure at. 
tracted by the magnet. 185 flesh, and especiallx 8 
the blood, after, burning, are attracted most, but 
| the! bones. are attracted less powerfully. The ve- 
getables, after burning, are almost all, though not 
all with equal force, attracted by the magnet. But 
unburned and fresh animal or vegetable substances | 1 
{cen if ever, shew any perceptible! attrac- - 1 
tion towards the magnet. 1 | 3 
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It is very remarkable, that even soot, and the 


dust which usually falls upon whatever is left ex- 


posed to the e N are N attracted by 
P magnet. 

Thus, it appears that iron, though divided into 
e small particles, is in some state or 


other mixed with every substance; that it is to be 
- found in animals, in vegetables, in minerals, and 


even in the air; that in every state of existence it 
aways shews some attraction towards the magnet; 
-and that its existence in several substances can be 


discovered by no other known method besides the 


magnet. But a judicious. inquirer might ask, 


| . Why must we conclude that a substance contains 


_ fron, only because it is in some measure attracted 
by the magnet? and when he is told, that the 
magnet attracts only iron, he might again ask for 
2 demonstration of that law. Indeed, it seems 


almost certain, that some bodies, independent of 


iron, are attracted by the magnet; but, as the 
bes of this assertiog depend upon some of the 
author's own experiments; which will be related 
in the last Part of this work, it seems not proper 
© hey admit the aboye-mentioned ROE x as a bw 
1 this (phos. OPT OUR ITE wes 
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© CHAPTER VI. 
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_bÞ COMMUNICATED MAGNETISM. 
Warn a piece of iron or steel, or, in short, of 
any ferruginous body, is presented to a magnet, 

within a proper distance of one of its poles, it be- 
comes instantly magnetic, the part of it which is 
nearest to the dane een the ee bo- 
larity, &c. 

This acquired magnetism is strongeat with noft | 
iron, and weakest with hardened: steel, or with 

the brittle sort of cast 1 iron; the other sorts of iron 
or ferruginous bodies acquiring a stronger or 
weaker power, according às they approach the 
hardness of the latter, or the softness of the former. 

But the permanency of the acquired magnetism 
s just the reverse of this rule; so that the 
hardest steel retains it for many years with little 
or no diminution; whereas very soſt iron loses it 
entirely the moment it is removed from the inſſu- 
ence of the magnet; the other ferruginous bodies 
| preverving it for a longer or shorter time, accord. 
ing as they participate more of the nature of hard 

9 or of chat ob soft iron. Hence i it er be 
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deduced, that, in general, the best method of 
making artificial magnets consists in applying one 


or more powerful magnets to pieces of the hardest 
steel, because those pieces will thereby acquire a 
considerable power, and will retain it for a long 
time; taking care, 'in this operation, that the 


north pole of the magnet or magnets be applied 
to that extremity of the piece of steel which is 


required to be made the south pole, and that the 


south pole of the magnet be applied to the oppo- 
site extremity. In the same manner as a piece of. 
5 steel or iron is rendered magnetic, a weak magnet 


may be rendered more 8 HG or its 3 * 
It is evident, that in this a the: pai 
should have one or more magnets, by the applica- 


cation of which the steel, or other ferruginous 


body, may be rendered magnetical; therefore it 


may be asked, By what means is magnetism ori- 
ginally given to such artificial magnets, as 


daid to have that power imparted without — 
. interference" of any magnet? The answer to this 
question is, that no magnetism at all can be 
-eommunicated to any ferruginous body whatever, 
without the action of andther magnet; and that, 
in the method vulgarly called, of giving magne- 
tism to steel, &c. without the aid of a magnet, 
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. ben the earth, which is a TY magnet; 
and 'therefgre there is no magnetism communi- 
eated but by the action of another magnet. 

The experiment which :shews the magnetism of 
te earth in the clearest manner possible, and by 
which means the beginning of that power is com- 


municated in the nnn method, is "Ws 


following: LOG 
Take a straight bar of soft iron, (os of two or 
Sw feet in length, and about three quarters of 
an inch in diameter, will answer perfectly well,) 
and, in in these parts of the world, if you keep it in 
a vertical position, that is; with one end A towards 
the ground, and with the other end B upwards, 
yo will find that the bar is magnetic; the extre- 
mity A being a north pole, capable of repelling 
the north pole of a magnetic needle, and the 
upper end B being a south pole, capable of repel- 
lung the south pole, and of attracting the north 
pole, of the magnetic needle. If you invert the 
bar, placing it with the extremity B downwards, 
its polarity will be instantly reversed, B becoming 


3 the north, and A the south pole.“ The explana- 
en of this' curious phenomenon is easily deduced 


from the foregoing observations; for, since in 


* An iron bar of fo or five fat. in nah; and above Þ 


Fe inen thick, in this situation, will be capable of e a 
W mall bit of iron, or a common sewing needle. 
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these northern parts the earth is 3 * 
M south magnetic polarity, the lowest part of the 
iron bar, by being nearest to it, must acquire the 
OW contrary, namely the north polarity; the other 
. _ extremity of the bar becoming a south pole. | 
|. It follows likewise (and it is confirmed by ac- 
* 8 ul experiment) that in the southern parts of the 
 - earth, the lowest part of the bar acquires the 
cCSouth polarity; that on the equator the bar must 
be kept horizontal, in order to let it acquire any 
: magnetism from the earth; and that, even in 
3 these parts of the earth, the most advantageous 
5 situation of the bar is not the perpendicular, but 
> _ >, that a little inclined to the horizon. In short, in 
5 every part of the world it must be placed in the 
m.agnetical line, viz. in the direction of the dip- 
. ping needle.“ If the iron bar, instead of being 
kept in the magnetical line, be placed in a direc- 
ſiion perpendicular to it, then it will acquire no 
magnetism, because in that situation the actions of 
both poles of the earth upon each extremity of 
_ + the bar are equal. If, instead of the above- men- 
tioned two directions, the bar be placed i in any 
i other position, then it will acquire more or less 
nagnetic power, according as it approaches nearer 
= P the former or to the latter ol the said two di- 
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144 har ol Hard steel, or of hard iron, does not 


5 acquire any magnetism from the earth, like the 
bar of soft iron, because the magnetic power of 
the earth is weak, in proportion to that which is 
0 required i in order to render a steel bar magnetic. 


HFaying thus described the general phenomena 


of communicated magnetism, we must now pro- 
ceed to enumerate the particular laws, which have 
been ascertained concerning them. 


A magnet, by communicating magnetism to 


other substances, not only loses nothing of its 
power, but has it rather improved. 


A magnet can never communicate a greater | 


power than itself possesses, or even an equal de- 
gree of it; but several magnets, of nearly an equal 


degree of magnetism, when joined together, have 


f stronger power than one of them singly; hence, 


in order to impart a strong magnetic power to a 


given body A, by means of a weak magnet B, 
one must first render several bodies C, D, E, F, 
&e, weakly magnetic, and then, by properly ; Join- 
ing C, D, E, F, &c. together, he may communi- 


cCate to another body, or several other bodies, a 
stronger magnetism, till, at last, he will be able 
to communicate to A the . 9 of 
NE wo 447IP power. c 


It is almost euiperfluous t to mention, 2 When 


the, fe 


ri ous. body is, applied in contact with 
ag | 


1 


„ * 1 is s frequently found mentioned in . tnt some | 
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dhe magnet, e a stronger power than if 
it be placed at some distance from its surface. 

When a ferruginous body is exposed to the 
influence of a magnet, though it acquires the 
greatest part of the power at the very first percep- . 
tible instant; yet, in order to acquire the utmost 
degree of which that body may be capable, it 
must remain in that influence for a considerable 
time. Soft iron acquires the maximum of mag- 
netic power very readily; but, according as the 
nature of the ferruginous body is harder, so the 
maximum of the power is communicated slower. 

- Agreeably to those laws, it has frequently been 
Per that bars, and other pieces of iron, by 
| having. remained a long time in one situation, 


have become magnetic. Sometimes iron bars, 
which were not capable of a permanent magne- 


tism on account of their soſtness, have in time, 
and by being left exposed to the atmosphere in a 
due situation, acquired a considerable degree of - 
magnetism; but it has been also remarked, that 
those bars have, at the same time, become harder; 
which is, perhaps, owing to a partial calcination, 
ar to some other hitherto e e | 
the nate of cho hen. 


Pieces of iron, which had remained in one Situation for many 
N were become as ea PANE as .goo 
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The ,olarity thus communicated by the earth 8 
to iron bars, is more or less permanent, in propor- 
tion to the degree of hardness of the iron, the 
time of their remaining in one situation (the most 
= proper being that of the dipping needle,) and | 
lastly, the shape of the iron, or the proportion 
| pores the thickness and length of the pieces. 
An oblong piece of iron made red hot, and 
then leſt to cool in the magnetical line, acquires 
thereby a degree of magnetism, which is more or 
less permanent, according to the nature of che 
Fon. The reason of which is, because, whilst 
5 red-hot, the iron is soft, and therefore the earth 
can render it magnetic more easily; but, when 
cooled, it becomes harder, and convequently-r more | 
tenacious of the acquired power. 3 
In drilling, filing, hammering, and, in chant in 
all those cases in which iron, steel, &c. is put into 
violent action, some of the pieces concerned fre- 
quentiy acquire a considerable degree of magne- 
tism; the origin of which must be derived from 
| the earth, and from the changeable nature of the | 
X metal, or the vicissitudes of heat, cold, and vibra- . 
dory motion, in which it is accidentally put. | 
It seems that, for the same reasons, 8 
is in certain eases produced by means of electri- rg 
-_ city; the particulars observed concerning which, — | | 
5 N _ e and they were e by | OE 
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means of the most Sant 1 machine 
that has been yet made. They in a great measure 
coincide with those made with other machines. 
Wöben the bar or needle is laid horizontally in 
- _ . the magnetig meridian, whicheyer way the shock 
of an electric jar or battery enters, the end of the 
EE. - bar that stands towards the north will acquire the 
north polarity, viz. the power of turning towards 
1 the north when freely suspended; the other end 
81 acquiring the south polarity. If the bar, before 
it weveives” the shock has some polarity, and is 
| | placed with its poles contrary to the usual direc- 
tion, then its original e is 8 A 
- nished, and often reversed. . 
When the bar or needle i is ds sanding per- 
13 pendicularly in these parts of the world, its lowest 
5 end becomes the north pole, even when the bar 
=: bad some magnetism beſore, and receives the 
shock whilst standing with its south pole down- 
wards. „When all the other circumstances are 
alis the bars seem to acquire an equal degree 
of magnetic power, whether they are s8truck 
vhilst standing horizontally i in the magnetic mes 
Bo, Tian, or perpendicular to the horizon. 
When a bar or needle is placed in the magnetic 
cequator, the shock sent through its length very 
seldom, if ever, renders it magnetic; but if the _ 
hock be 3 ee its width ; then * needle 
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becomes magnetic, the extremity of it which laid 
towards the west, generally ee the north _ 
pole. . | 
If a needle \ or bar strongly magnetic, or a na- 
tural magnet, be struck by the electric Shock, its 
power is thereby diminished. 
When the shock is too as; with respect to 
the size of the steel needle, so as to render it con- 
siderably bot, then it acquires either none at all, 
or a very small degree of magnetism.* - 
Hence, a stroke of lightning, which is an abs: | 
trical phenomenon, often renders magnetic pieces _ =_ 
of i iron, or steel, or those bodies which contain „„ 
iron, as certain bricks, ke. On 
If one pole of a magnet, for instance the vojth; 5 
be applied to one end C of an oblong piece of iron p 
or steel, like CD, fig. 3d of plate I, that end C 
„ will become a south pole; and if the bar CD be 
very long, there will be found a part of it, not far 
— Giotant from C, which is possessed of the north 
polarity; and this i is followed by another part pos- | 
essed of the south polarity; and so on alternately, 
till the power becomes imperceptible; the number 
550 chose suecessive 885285 SY 1 85 the 
1 O08 tka those W the bars or needles Fes bo props 7 7 i 
> tioned to the degree of electric power; otherwise they will -not- 


gueceed. See Van Marum's account of a very powerful clectri- ; 
cal machine, constructed for the Museum of Teyler at H arlem; 5 


. and my ' Treatise on. , vol. i, 5. 60, and vol. ii, b, 5. 282. 


5 


22 


. — 


F « * 
* Þ , 
1 4 4 4 \ * 
. La ; 


l Tas or WAGNETISN. | 


| atvength; and principally upon the length of. the 
bar; but if the bar be of a proper length and 
thickness, which must be likewise proportioned to 
the strength of the magnet employed, they the 
bar will have only two poles, its other atmet ND 
acquiring the north polarity, _ 
In the latter case, if the pole of the magnet be 
gradually moved along the surſace of the bar 
from C as far as D, it will afterwards be found, 
that the polarity of the bar is entirely changed, the 
extremity C being now possessed of the north, ud 
the extremity D of the south polarity. | | 
It is evident, that, whilst the magnet is og. 
2 ing along the surface of the bar, the south polarity 
ol the end C, before it changes into a north pola- 
rity, must decrease in strength; and that when 
the magnet is at a certain point M, the end C has 
no polarity at all; its south polarity being just 
voanished, and the north polarity just beginning. 
With respect to the extremity D, it must be ob- 
served, that its north polarity, by the approach o 
the magnet, is increased as far as a certain limit H; 
after which, as the magnet comes still nearer to D. 
the north polarity of this extremity decreases, till 
it vanishes when the magnet is arrived at a certain 
paint N; after which its rde 0 5 to 
be changed into a south one. I 
The points M and N have been called the 


5 points 4: ind, Wenne dea, when the en is. 
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at M. the extremity C of the bar has neither the 
zouth nor the north polarity; and when the mag- 
net is at N, the end D has no polarity. The 
| point H has been called the cubnmatmg poiut, be- 

cause, when the magnet is at that point, the pola- 
rity first acquired by the end D of the darf is the 


: F strongest. | | 
As the e of i 83 in ie of ; 


different. sorts of iron, of different lengths, &e. 
7 55 not only shews more evidently the action of the 
magnet, and points out the advantages and disad- 


* vantages attending the practical methods of mak- 


ing artificial magnets, but is besides likely to open 


the way to farther discoveries; there have been 


no pains spared to investigate the partieulars on 


| which their situation depends, and a vast number 


of accurate experiments have been made for that 
purpose; but, notwithstanding those endeavours, 
such is the various nature of magnets, of iron, &c. 
that the present knowledge of the subject does not 
+ allow: those points to be determined in a given 


bar, without actual experiments. The general 


laws which may be deduced. from the various ex- 


+ rang made for this purpose, are the following: 


NG The points M, H, and N, do not come al- 


3 2 the order shewn by the figure; bat, though 


\ 
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— ET 
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5 order is not always tbe same, yet it is evi- | 
Fo dent that INE cul never coincide with, or 
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come after N, vix. nearer to the end D, than the 
217 N. . | 

2. When the bers differ i in hah ly” every 
ice else being the same, the longer the bar is, 
(as far as a certain limit, which depends on the 
strength of the magnet em 2 * the Oe is 
the distance CM. 5 
3. The stronger the magnet is which 1s em- 
ployed, the greater is the distance C M, as far as 
a certain limit, which depends upon the propor- 
tion between the power of the magnet and the 


length of the bar; and beyond which limit C N 


will be shorter than if a weaker magnet hos. been 
used. . 
4. When the bars Aiffer in TOY "IN every 
thing else being the same, the distance C H is 
greater in a longer than in a shorter bar, as far as 
a certain limit, which depends a as has been men- 
tioned above. e 
8 The stronger the magnet is l is h 
- the greater is the distance C H, as far a as a certain 5 
limit, which depends as above. e 
6. In a longer bar, every thing else being. bs 
same, the distance C N is greater than in a r | 
one, as far as a certain limit, &ck ec. 
„J. The distance CN, in bars of equi lend, |; 


| is greater when a stronger than when a weaker 


e is used, « as far 5 a uin in Ke, 
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8. Wben the Tn differ only in thicknous 
| every thing else being the same, the distance C M 
is greater in thicker than in thinner bars; but the 
distance CN is nearly the same in them all, as 
fr as a limit, which depends as before-mentioned. ES 
9. Lastly, when the bars differ only in hard- Mn 
ness, the distances C M, CH, CN, are sometimes Y 
| equal, sometimes greater, and sometimes shorter, — 
in the harder than in the softer bars.“ ; a 
Besides the points of indifference and culmina- 
tion, there is another point to be considered, 
namely, the magnetic centre, which is the point 
or part between the two poles, where the magnet 
has no attraction nor repulsion. With respect to 
\ this point, I shall briefly observe, that it does 
not always lie midway between the two poles; _ 
and that; when one pole of a magnet is drawn 
over the surface of an oblong piece of iron, as in 
the before - mentioned experiment, the magnetic 5 
ceentre moves forwards in proportion as the magnet 
is advanced; but at a certain limit, both the mag- 
net and the said centre are in the same place, or 
ns rather in opposite sides of the thickness of the 
bar. The motion and place of the magnetic cen- 
wo) | are nen 10 0 great deal of _— arising 
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| from the nature, length, 154 hikes of the bar, 
as well as from the strength of the magnet, and 
| from the manner of drawing it along . 
ol the iron or other ſerruginous body. | 
When any magnet, but especial an oblong 
one, having two poles, is broke in two, the mag-. 


15 netic centre of each part is at first generally much 
neearer that end of the piece which is contiguons 


to the fracture; but in time it advances. nearer 
the centre of the piece. 7, Be 
What has been observed concerning aw 
pieces of iron or steel, may serve to explain the 
phenomena which take place in pieces of an irre- 
gular ſorm; the particular enumeration of all 
1 eee e e eee, ifa 
all of any use. e 
5 — Every piece of iron 4 den 

pable of retaining only a certain degree of mag- 
_ netic-power; so that if a strong magnet be applied 
do a comparatively amall piece of steel. that piece, 


net, will appear to be very powerfully magnetic; 
but, as soon, as it is removed from the. vicinity of 


a short time comes down to that degree which the 


| piece of steel is capable of, and which may be 


; called its point of Saturation.” Hence it follows, 
that 10 a certain Ow is . sufficient to. com- 


whilst it remains within the influenee of the mag- 


the magnet, its power begins to decrease, and in 


— 


\- 
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Et municate to a piece of iron or steel the full power 
Ed magnetism, of which that piece is capable, a 
stronger magnet will not inerease it in the least. 


It has been long disputed, whether a piece of 


hs or steel was rendered heavier or lighter by 
being made magnetic; but, upon the whale, it 
seems that its weight is not affected by it.“ 


As a piece of iron or steel, &c. often acquires 


magnetism only by standing in a proper situation: 
so, on the contrary, magnets may lose much or 

the whole of their power by being improperly. 
ituated; for, the same action of the earth which 
tends to render them magnetic in the former, will 
Ph endeavour to destroy it in the latter. The same 
5 thing must be understood of the situation of mag · 
nets with respect to each other. Thus, if twa 
magnets be placed so, that their contrary poles 


may be contiguous to each other, they will pre- 


' _ gerve one another's power; but if the north pole 


850 of one be placed near the north pole of the ethar, 
rh, and the south near the south, then they will en- | 


£550 ® Gazzendns, 3 and Gilbert, maintain that the 5 
weight of needles is not altered by being made magnetic. 
M. Wbiston says he found, by accurate experiments, that a 


| | \Piece of steel, weighing 43841 grains, lost 24 grains; and anon. 
ther, which weighed 65726 grains, lost 14 grains by being made 57 


magnetic. With other persons, magnetism seems to have in⸗ b 


e ereased the weight of steel. But it is very probable, that the 
vicinity of iron, or of some other ferruginous body, might have 


885 ee eee eee when is was weight. 
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5 tirely destroy or diminish each other's magnetism; 
and if their original powers were very unequal, 
the polarity of the weaker magnet will be 9 881 7 
by the action of the stronger one. | 
In general, the same means which facilitate the 
| Communication of magnetism, when pieces of 
. iron, &c, are properly situated with respect to the 
poles of the earth, or of other magnets, will like- 
wise facilitate the loss of magnetism, when the 
magnets are improperly situated; thus, a red heat 
destroys in a great measure, or entirely, the power. 
of a magnet. A steel bar, strongly magnetic, will 
have its power much diminished by being repeat- 
_ edlystruok between two stones, especially if it be 
struck standing in a direction perpendicular to 
the magnetic meridian. A bar of pretty hard 
iron, which has acquired some degree of perma- 
= nent magnetism, by being made red-hot, and 
| then cooled in the direction of the magnetical line, 
will have that power destroyed, or much dimi- 
| |  - Nished, by a few smart blows on its middle. 
Kt - We shall now conclude this Chapter with an 
3 enumeration of those particulars which are princi- 
pally necessary to be kept in view, in order to 
ascertain the best method of construeting artificial 
magnets; reserving the e e 322 
5 -the Third Part. 
. The nature of the Lady: er be aps; to * 
| the power which i is to render it magnetic; remem- 
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"ado, that the soft ferruginous bodies both ac- 
quire and lose magnetism e easier than those which 


are harder. . 
2. The shape of the hea is to be che 


es experience shewing that an oblong: one is 


in general preferable to any other. In case of 
steel bars, they ought to be quite bard in order to 


” goquirs: the greatest possible power, provided one 


bas magnets sufficiently strong for the purpose; 
- and if cylindrical, their diameters ought to be 
about x5th of their length; or if not cylindrical, 
their thicknesses ought to be such as nearly to 
equal the weight of the cylindrical bars of the 
same length, and the diameter of which may be 


1 


3. Several magnets are much preferable to a 


eingle ofie, for the purpose of communicating 


magnetism; in the application of which, it must 
be remembered, that the south pole of the magnet 
8 a north pole i in the part of the ferrugi- 
nous body to which it is applied, and that the 
north upd of the magnet Mac a south pole in 
4. If it were required to construct a strong | 
magnet, when the operator bas either no magnet 
at all, or a very weak one; he must proceed gra- 
dually. It being impossible for a hard and large 
Steel bar to receive any sensible degree of magne- 
tism from, the. action of the earth, or of 0 other 
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' weak magnet, the operator must begin with giving 
' magnetism to several small and soft steel bars, 
impregnating one at a time by means of the weak 
magnet, or, if he have no magnet, by means of 
one or more iron rads properly situated, which in 

that cage are real, thotigh weak magnets. Then, 
by joining in a proper manner the small steel bars 


, already made magnetic, he may communicate a 
stronger power to larger and harder steel bars; 


- which will be capable of tg vary still | 
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= Taz directive power of a magnet is 5 extended to. | 
a greater distance than its attractive power; for 
instance, if a magnet be freely suspended, another 
magnet properly situated within a certain distance 
of the former, will turn it out of its wonted direc- 
tion; yet the degree of attraction. *exerted by those 
magnets against each other, is not sensible at that 
+ . | Uistancez which may be easily tried, by fixing one 
Gs of the _—_ to. the scale of a balance, The 
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reason 25 this moperty is, that the Sende power, 

depends both upon the attraction of the poles of 
different names, and on the repulsion of those of 
the same name; whereas, the attraction takes 
eee only between poles of different names. In 
order to render this explanation more intelligible, 


| gi" that a magnetic needle is freely. SUS< 


| pended, and is placed within the influence or 
sphere of action of a magnet. In this disposition, 
suppose that the north pole of the magnet attracts 
che south pole of the magnetic needle with a force 
cqual to ten grains; and, as the attraction be- 
tween poles of different names is nearly equal to 


_ the repulsion between poles of the same name, it 
follows, that the same north pole of the magnet 


repels the north pole of the magnetic needle with 
a force equal to ten grains: but those two forces 
both concur in altering the direction of the nee- 
dle; therefore, the endeavour of the magnet to 
turn the ueedle's direction is equal to 20 grains; 
| whereas the attraction, or the force by which the 
needle is drawn towards the magnet, is only equal 
to the difference between the two above men- 
tioned opposite forces, which difference arises 
rom the pole of the magnet being nearer to one 
than to the other of the poles of the needle. The 
same reasoning may be applied to the action be- 
tween the south 1 7 of Who "I aaa . 
. pended. addi: EB ae Ros ee, 
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It has been Sch Seda various 8 that if 
a short bar of soft steel be repeatedly stroked from 


end to end, in any situation, by a sufficiently 
long jron bar, like wise kept! in any situation, the 


steel bar will thereby acquire a considerable de- 


gree of magnetism: from which it might perhaps 


be inferred, that there is no necessity of deriving 
the origin of magnetism from the earth. But an 


accurate investigation of this pretended fact has 


shewn, that the steel bar will not acquire magne- 
tism in every situation. Indeed, as the bar of 
ron is rendered more or less magnetic by the earth 
in every situation, except that which is perpendi- 


cular to the magnetical line; in a random way of 


making the experiment, it is almost impossible to 
keep the bar so near that direction as to acquire 
no magnetism at all from the earth; but if, in 


rubbing the steel bar, the iron 'one be kept in a 


situation nearly perpendicular to that of the mag- 


netical line, then the steel will acquire no magne- 
tism at all. Besides, when the iron bar is kept in 
any situation, the degree of magnetism which is 

' communicated to the bar, is greater or less in pro- 
portion as the direction of the bar is nearer to or 
farther from that of the magnetical line; which 
proves, beyond a- doubt, that the communicated 


magnetism is originally derived from the earth. 
Thus far, relating to the laws of magvetiam, 


% 
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ems oufficient to f in this oe of _ 
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” Wa ok and though there are a other 


particulars necessary to be known, yet, as they 
either relate to the practical part, or cannot be 


easily understood without the description of otber ; 


experiments, so they will be inserted in other 
Places, which are more adapted to their reception. 


Ighall, thereſore, conclude this Part with remov- 


ing some wrong notions. relating to magnetism, 
vbich have been introduced ** nn and 


The "ORR who are ay ready to Seize 


every opportunity of def auding the rest of man- 


kind, and the ignorant, who are always fond of 

mysteries, have from time immemorial attribated , _ 
_ geveral. extraordinary properties to the magnet, 
which are not only repugnant to reason, but are 
actually contradicted by all the experiments which 
have been made, and may be repeated by 1 
e and impartial persons. : 

It was formerly believed, that there * se- 
. sorts of magnets, some of which attracted 
gold, others attracted flesb, &c. and even very 
lately it was believed by ignorant people, that 
there was a white load-stone, which had the pro- 


perty of attracting flesh: the origin of which error 


is, that there are several minerals of an earthy 
Find, mostly argillaceous, which absorb moisture 
ney aa in ee of 8 if my be pot. 
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upon the lips, they will adhere to them with some 
degree of ſorce. y 
A great deal of confusion in the science Sf mag- 
netism has been also occasioned by the application 
of the word magnetism to other things which had 
nothing to do with it. The chymical affipi ity be- 
tween metals. has been called the 8 of 
metals by some old authors. The vibration occa- 
sioned by the sound of musical strings or pipes 
upon others which were tuned in concord to them 
has been also called the magnetism of music. 
We hear likewise of the magnetism of e 
the magnetism of water, &c. | 
But the greatest absurdities relating to PU mag- - 
net are, its pretended medicinal properties. As 
late as the beginning of the last century, it was 
pretty commonly believed, that a plaister made 
with . poyrdered load-stone, when applied to 
| wounds, would extract iron, or even a knife, from 
the human body. * It was said, that the chymists 
could extract an oil of wonderful efficacy from the 
magypet, besides several other preparations. Even 
at present, it is not unusual to find people Who 
believe, that the application of the magnet cures 
the tooth-ach, eases the pawns of parturient \ wo- 


' 


TRA: Fan who was | hineclf 158 the contrary opinion, relates 
5 everal such stories. See his work De Arie n „ lib. iii. 


bes ts ii. | 
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men, disperses white swellings, &c.; and, on the 


contrary, that the wounds made with a knife, or 


other steel instrument, which has been ne 
rubbed with a magnet, are mortal. 
Without detaining the reader any longer with 
the narration of more absurdities, I shall only ob- 
serve, that authentic facts prove none of those 


pretended medicinal or poisonous qualities in the 
magnet; and, as magnetism does not affect the 


smell, the taste, or any other sense of the body, it 


is improbable, to the greatest degree, that it should 


have any effect upon aggmal bodies. For, though 


there are particles of iron in almost every part of 


an animal body, yet those particles are so subdi- 


oy 


vided, calcined, and bear so small a proportion to 
the other elements, that, in a natural state, the 


* has no action on them. 
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Taz attraction of the magnet, and very likely 
most of its other prineipa properties, have been 
noticed and admired from time immemorial; but 
the cause of those surprizing properties has eluded 
the most accurate researches of very able philoso- 
phers. Various theories have been framed ſor 
their explanation, and many conjectures have been 
derived from other powers of naturt, which were 
in some measure analogous to magnetism: but 
there is a wide difference between matter of fact 
and the offspring of the imagination. The former 
is investigated and acquired with labour, and re- 
wards the industry of the searcher; the latter 
often shews the weakness of human understand- 
ing, and misleads the blind follower. | 
Nevertheless, the framing of bypotheses i in ex- 
| _  planationof natural phenomena, has been of some 
. use in philosophy, since they have at least pro- 
moted the experimental inquiry, either for their 
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support or for their destruction; the distinguish- 
ing characteristics between a false hypothesis, and 
a true, og very probable one, being, that by far- 
ther and farther examination, the s8ufficiency of 
the latter, in explaining the natural appearances, 
becomes constantly more evident; whereas, the 
absurdity of the former is rendered more manifest. 
It is therefore useful, after having ascertained a 
number of facts or laws of nature, to attempt a 
theory for their explanation, especially because 


when such theory, vis. the real cause, is once 


established, the application of its effects becomes 
more easy and general. But every inquirer into 
the operations of nature ought to be seriously 


warned against becoming too fond of any hypo- 


thesis, even when it seems to have the greatest 
degree of probability. i 

In conformity to those observations, the reader 
must not expect to find, in this Part of the present 
work, a particular account of all, or even of the 
principal hypotheses that have been published at 
different times by divers authors. I shall only 
mention, in brief, what seems to be more proba- 
ble, or what may lead to a farther investigation of 
the subject; and mast then refer those, who are 
desirous of examining other hypotheses, to _ 
Various books written on magnetism. 
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THEORY OF MAGNETISM. 


\ 


CHAPTER 1. 


OF THE MAGNETISM OF THE EARTH. 


Taz bypothesis of the earth's being a great 
magnet, from which the magnetism of the usual 
. magnets, the direction of the magnetic ' needle, 
&c. must be derived, is evinced by so many ob- 
servations, that there can hardly be a philosopher 
sceptic enough to doubt of its truth. The prin- 
cipal reasons which prove it, almost to a demon- 
stration, , are, first, that almost all the phenomena 
which may be exhibited with a usual magnet, may 
be also exhibited with the earth, as far as it may 
be tried; and secondly, that vast masses of iron, 
or ferruginous substance, actually magnetic, are 
dug out of the earth almost in every part of it. 
The phenomena of the compass and of the dip- 


paing needle, in different parts of the world, and 


the magnetism naturally acquired by soft iron 
when properly situated, are exactly imitated by a 
common magnet, or a terrella; but the only phe- 
nomenon, which has not * observed with res- 
pect to the earth, and which is the principal pro- 
perty of the usual magnets, is the attraction of a 
piece of iron, or other ferruginous substance. For 


A 
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instance, if a piece of iron be presented to either 
of the poles of a common magnet, it will be 
powerfully attracted by it; but if .it be presented 
to the middle of the magnet, the attraction will 


be found to be hardly perceivable, or at least in- 


| 5 comparably weaker than at the poles; in confor- 
mity to which, it might be expected, that a piece 


of iron should be attracted more powerfully down- 
wards, when near the poles of the earth than when 
near the equator; which attraction, being com- 
bined with the attraction of gravitation, ought to 
be known by the difference of the weights of the 
same piece of iron, when weighed near the poles, 
und when weighed near the equator; for, if the 


magnetic attraction of the earth upon it be at all 
5 sensible, it ought. to weigh more in. the former 
case than in the latter. But this difference ot 


weights has not yet been ascertained; however, if 
it were to be tried with all the accuracy necessary 


: 4 for so nice an experiment, I am inclined to think 
that it would be found to answer; vix. that the 
same piece of iron would be found to weigh SOme- 


| What more in places nearer to the poles, than it 
does nearer to the equator: but, even in case no 
auch difference of weights were observed, it 


would be improper to infer that the earth does 
not exert any magnetic attraction towards the iron 


on its surface, and that this attracyion is not 
ee near the __ than near the equator; be- 
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cause, first, the magnetism of the earth 6 very 


weak, the difference of the attraction in different 


places must be like wise very small, notwithstand- 


ing the directive power is considerably strong; 


for, as was explained in the preceding Part, the 
latter of those powers extends to a much greater 
distance than the former. And, secondly, it must 


be considered, that the equatorial diameter of the | 


earth is longer than its polar diameter, and that 
the attraction-of gravitation, or the weight of bo- 


dies, decreases in proportion to the squares of the 


distances from the centre of the earth; in conse- 


-quence of which, if we abstract the magnetic at- 


traction, and consider only the attraction of gravi- 


tation, it will appear that the piece of iron must 


weigh more when weighed near the poles than 
when weighed near the equator; namely, because 


when near the poles, it stands actually nearer the 


centre of the earth than when near the equator. 


If the magnetic needle pointed always due 
north and south, or always within a certain dis- 


tance of those points, it would shew that the earth 


has two fixed magnetic poles, either coinciding. 
with its astronomical poles, or at some distance 


from the same; but the continual variation of the 
magnetic needle shews, that those magnetic poles. 
of the earth move with respect to the surface of 


the earth, and, on this account, many suppositi- 


dns have been n offered to the public by divers in. 
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genious persons. It was imagined, that there was 
a large magnet inclosed within the body of the 


earth, which being not fixed to the external part, 


moved with respect to it, and, consequently, OC- 


casioned the variation of the needle; but in, this 
case the variation ought to be regular, wiz. it 


ought to move in all parts of the world, so as to 
answer to the two points of the large internal 
magnet; which, however, is not the case. 

In order to supply the deficiency of this hypo- 


thesis, it was farther imagined, that there werg 
four magnetic poles within the earth, which were 
moveable with respect to each other, and that, 
therefore, the variation of the needle ought to be 


derived from all their actions conjointly; which 


would render the theory of the variation exceed - 


ingly intricate: but, notwithstanding this diffi- 
eulty, a regularity, within certain laws and limits, 


ought to be still observable respecting the varia- 
tion; but no such regularity has been yet proved. 
In short, without detaining my reader any longer 


on this point, it will suffice to say, that no theory 


yet offered has been sufficient to foretel, with 
certainty, the variation of the needle for any ſu- 
ture period of time, or for any place distant 
from those in which observations have dern; fre- ; 


_ quently made. 25 


It is now proper to give a short account of the 
. variation charts that have been 3 
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viz. that of Dr. Edmund Halley, which was 


| formed upon the observations made in the begin- 
ning of the present century; and the other chart, 


formed by Messrs. Mountaine and Dodson, upon 


the observations made in the course of the 


„ 
The method used in the construction of 3 


char ts is, to mark down with dots, on a general 


- 
% * 


map of the world, all the places in which the de- 
cliriation of the magnetic needle has been ascer- 


tained, and then to draw, lines through those 


points, observing to let the same line, whether 


crooked or straight, pass through all those points 


or places in which the declination of the needle 


is the same; thus, for instance, a line is drawn 
through all those places in which the declination | 


is ten degrees west; another line is drawn through 
those places where the declination is of another 
number of degrees, and so on; which are called 
lines of declination. It is evident, that in such 
charts, ä the variation of the 6 ee needle, in 


* 


| * See the Phil. Trans. for the year ir 1757. 
+ Those lines which pass through the points where the north A 


end of the needle declines to the east of the meridian of the place, 
are called lines of cast declination; those which pass through the 
points where the north extremity of the needle declines to the 


west of the meridian, are called lines of abest declination; and 


1 
9 1 | 
n. 


5 lastly, those lines which pass through those points where the 


needle coincides with the meridian, are called Iines of no decling- 
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many places, must be merely a matter of conjec- 


ture or guess; and, though there is a kind of 


tendency of the lines of declination towards cer- 


tain principal points, yet the seeming regularity 
is subject to many exceptions, which render those 
rn charts of no great use. 

In Dr. Halley's chart, the line of no declination 


crosses the meridian of London at about the 55th 


degree of south latitude; it then proceeds in an 
arched manner towards the west of the said meri- 
dian, and increasing its curvature as it advances 


up into the northern hemisphere, terminates at 


18 


Charles Town on the coast of North America. 
In the other of the before- mentioned charts, 
the line of no declination passes more westward 


of the meridian of London, advances with a more 


irregular curvature, .and, terminates. on the coast 
of Florida, at about the 90th degres. « of north 
latitude. , SE oo | 

- 'The lines of east variation are on a concave 
2 of the above-mentioned line, and the lines of 
west declination are on its convex side, advancing 
toy. a considerable extent with nearly the same 
curvature as the line of no declination: but, as 
you come on this side of the tropic of ns. 
th lines of west declination, in both charts, are 
Ft perpendicular to the meridians. _ 

In the Indian sea, and in the sea between the 
and of Madagascar and the south ns the 
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dedlination ies" are + connialdy more irregular, 
so as to render it impossible to convey any distinct 
idea of the same by writing: the reader, therefore, 
who is willing to examine this subjeet much far- 
ther, may consult the said charts themselves. =O 
| There is one thing remarkable to be observed 
in those charts, which is, that the declination lines 
do never cross each other.. | 

In my opinion, it seems that the magoation of 
the earth arises from the. magnetism of all the 
magnetic substances therein contained, and inter- 
mixed with other bodies; that the magnetic poles 
of the earth may be considered as the eentres of 
the polarities of all the particular aggregates of 
the magnetic substances; and that those principal 
poles must change place, relatively to the sur- 
face of the earth, according as the particular ag- 
gregates of magnetic substances within the earth 
are in some manner or other altered, so as to have 
their power diminished, increased, approached, or 
removed from the principal poles. But, as those 
thoughts are mostly depending on some experi- 
ments of mine, I shall defer saying any thing 
farther about them till after the account of those 
i . which will be found in the a 
Part. ; 
: Though no regularity has "EP established wid | 
respect to the variation of the needle, yet, as the 
various situation of the . poles within the 
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earth occasions a ou view of appearances, and 


as the right understanding of those varieties may 
be of great use to those who wish to investigate 
this intricate subject, the developement of which 


would be of vast use to mankind, I shall now 


_ © 3ubjoin the principal cases, which seem possible, 


relating to the position of the magnetic poles; 


5 imagining, as is most natural to suppose, that they 
are two, and that they lie on the surface of the 
earth. These cases are no more than four, * viz. 

Cask I. If the magnetic poles of the earth 


had coincided with the true poles thereof, there 
could have been.no declination or variation of the 


märiner's compass in any part of the world, that 
is, if the earth be uniformly magnetical; for, in 
that case, the needle, in pointing to the magnetic 
| poles, would always have pointed to the true poles 
also; this needle would therefore be necessarily 


directed along the course of the meridian, or, in 


| other words, it would have no declination or va- 
riation either to the east or west thereof. 


» Cask II. If the magnetic poles were situated 


in the same meridian, and in opposite parallels; 


upon that meridian which passes through the 
magnetic and true poles, from the one of the 


1 magnetic poles to the other, and upon the oppo- 


* These four cases were drawn up by Dr. e a gen- 


denen of great knowledge in magnetics. See the twq last 
Ru in the book. pI | 
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site meridian all along, there vos be no decli- 


nation, for the reason mentioned in the former 


Case. Likewise, upon the equator, there would 
be no declination; for though if one of the mag- 


netie poles were only to act upon the needle, in 


passing along the equator to the distance of go 


degrees in longitude east or west, the declination 
would increase, so that at 90 degrees distance 


from the line of no declination it would be equal 
to the angle contained between the magnetic and 
true poles; yet, as the other magnetic pole, in 
this case, is always within the same distance of 


che needle, it will act upon the opposite end of it 


with equal force, and consequently will keep it 
parallel to itself all round the equator. But in 


| a going from the equator north Or south, the decli- x 


nation would increase so as to be 180 degrees on 


the little arches or spaces of the meridian con- 


tained between the true and the magnetic poles, 
which is the greatest possible declination in all 
cases whatsoever. It must be farther observed 
on this ease, that the lines of no declination, in⸗ 


_ cluding: those arches of 180?, form two great cir- 
cles of the. globe along the meridian and the 


equator, crossing one another at right angles, and 


dividing the surface of this globe into four quar- ” 
ters, two in each hemisphere; the one hemisphere 
8 having west declination in the north, and east de- 
N clination in the soutb half e and in the | 
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opposite hemisphere it would be just the reverse; 
so that each of the arches or semicircles of no 
| declination would have east declination on the one 
side of them, and west declination on the other. 
The small arches of 1800 declination, which are 
between the true and magnetic poles, may be 
reckoned in all cases as a part of the lines of no 
dceclination; for there indeed the needle conforms 
itself to the meridian as well as in the other parts 
of the circle, though its ends are reversed. In 
short, as all the lines of declination. do coincide 
and terminate in the magnetic and true poles, 80 
these arches of 180? are a kind of limit, making 
with each of those lines, as in the present case, 
2 curve line or figure returning into itself; which 
figures, from 180? between the poles, to O decli- 
nation upon the equator, do each of them include 
a space larger than the other, till at last they fill 
up the whole quarter of the surface of the globe, 
and conform themselves, as nearly as possible, to 
my the Shape and figure thereof. 
A s a variety of this case, it may be added, that 
the magnetic poles may be situated in the same 
meridian, but in parallels which are not opposite. 
In that case, the only alteration which could 
1 happen is, that in the hemisphere in which the 
magnetic and true poles are nearest to each other, 
the figures formed by the lines of declination 
1 85 e NG and Ive corresponding figures | W 
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the ala hernisphere, larger. The;line of n6 
declination, which, in this case, represents the 
equator, would also be proportionably nearer to 
those poles which are nearest to one another. 

Cas HI. If the magnetic poles were situated 
in opposite meridians, and in opposite parallels; 
upon those meridians which pass through the 
magnetic and true poles there could be no decli- 
nations, for the reasons mentioned in the former 
Cases. But upon the equator, eastward or west- 


ward, to the distance of 90˙˙ in longitude, the 


o would actually increase, so as there to 
be equal to the angle which measures the distance 


between the true and the magnetic poles; and 


from thence it would, in the same manner, de- 


crease for the other go to the opposite meridian. 
I The declination lines of 10?, 205, &c. as far as the 


greatest declination upon the equator, in this case 
become arches or curves, which conform them- 


 -gelves, as nearly as may be, to the course and 
direction of the lines of no declination, and are 
Called lines of the first order. But the lines of 


the greatest equatorial declination cross one ano- 
ther at the distance of 90 in longitude from the 


> meridian or circle of no declination, something | 
in form like the letter X, or like two gothic 


arches joined at the vertex. They are called lines 
of the second order, and may very properly be 


| gonsidered as the e Rees the lines of 
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he first and third ofder, as the lines of no decli- 
nation are always boundaries between the lines of 
east and west declination. In this case, those 
lines of no declination, including the arches of 
1800, form only one great circle along the meri- 
dian, dividing the surface of this globe into two 
hemispheres, in the one of which there is east 
-dvaingtion, and in the other. west declination. 
From the greatest equatorial declination to the 
| arches of 180), the declination lines of the third 
order are curves returning into themselves, and 
in shape nearly resembling perabolas erected upon 4 
those arches of 180. py : 
As a variety of this case, it may be added, that 
if the magnetic poles were situated in opposite 
meridians, but in parallels which are not opposite, 
then, in that ' hemisphere i in which the. true and 
the magnetic poles approached nearest to one 
another, the figure formed by the lines of decli- 
nation would be smaller, and in the opposite he- 
misphere che corresponding . would be 
larger in proportion. 
Cask IV. This case is a very extensive one, 
vis. when the magnetic poles are situated neither 
in the same nor in opposite meridians; and this 
seems to have been the real position of those poles 
eyer since any observations of the declination of 
the eee needle have been made. | 
| 5 he - | 
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In this Case, then, the lines of no declination 
cannot be either in the direction of a meridian or 
along the equator, as in the former Case, but in a 
kind of curves, which are variously inclined to 
both; and they divide the surface of the globe 
into two parts, but these parts are not hemis- 
Pheres, as in the last Case, for they may be of a 
very different extent. If the magnetic poles be 
situated in meridians nearly opposite, the curva- 
ture of those lines will not be so great, that is, 
they become more like to Case III. But as the 
magnetic poles approach nearer to the same me- 
ridian, the curvature of the lines of no declina- 
tion becomes greater, till they almost touch one 
another, something in ſorm like the ſigure of the 
number 8, and at last they complete the two 
great cireles, as in Case II. The lines of the 
serond order, which correspond to the greatest 
Equatorial declination, if the magnetic poles be 
situated in meridians nearly opposite, have a 
_ declination nearly equal to the angle. formed be- 
tween the magnetic and true poles, as in Case III; 
but as the magnetic poles approach towards the 


game meridian, this declination decreases, till at 


last it entirely vanishes, as in Case II. The 
other declination lines in this Case are so similar 
to the former, that they require only to be re- 
ferred to it. Lastly, it must be observed, that 
Whether the magnetic poles be Situated i in n oppo- 5 


i 


ite parallels or not, makes as little difference in 


"i 


Ly 


this as in the former Case. 
| Hitherto the magnetic poles have been consi- 


dered to lie on the surface of the globe; but, if 
ve attentively consider the situation which they 


may more likely have, it will appear, that in all 


probability they are not situated near the surface 
of this globe, but at some depth below it; at least 
this must be the case with the south pole; for, since 


the water of the sea is incapable of magnetism, 
and the southern hemispffere, especially about the 


- South pole, contains a vast deal more sea than 


land; it is plain that the south magnetic pole 
must be situated at least near the bottom of the 
sea; in consequence of which, the variation of 
the needle in that hemisphere must be different 


from what; it would be if the magnetic pole were 
situated on the surface of the terraqueous globe. 
The same may be observed with respect to the 
situation of the north magnetic pole. Besides 


this, we must also consider the irregularities aris- 


ing from the unequal and irregular situation of 
land and sea; it being natural to congeive, that 
large tracts of land on one side of the magnetic 
naeedle will draw it away from the real meridian, 


whereas a large ocean can produce no auch effect. 


arising from the nature of the land, the depth of 
Wy . the nature of the ground- at the bottom. 
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of the sea, &c. It appears, therefore, that a great: 
many causes combine to aet upon the magnetie 
needle, occasioning it to decline from the true 
meridian, and that it is almost impossible to form 
a useful theory upon it. However, as this is a 
subject of vast importance to mankind, principally 
for the improvement of navigation, I am far from 
meaning to discourage its being properly exa- 
mined; but only think it necessary to put all the 
apparent difficulties befaxe the eye of the resolute 
3 adventurer in this field of intricate and difficult 
| investigation. FED 
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4 Wass the knowledge of mankind, relative to 

"Uectricity, comprehended only the property of 

amber, and of a few other bodies, which, after 

being rubbed, attract small bodies, this attraction 

3 Was hardly distinguished' from that of magnetism; 

", _ - and, in fact, old books often deseribe the above- 

tp 9 SER 155 mentioned * . e under the appella- 
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tion of the magnetism of amber. The modern 


scientific improvements, especially those made 
within this century, have shewn that electricity 
and magnetism are two different powers of nature, 
which are quite distinct from each other; but, at 
the same time, it must be confessed, that there is 
a surprizing analogy between them; and, as it is 


by following the similarity between two subjects, 


that discoveries are often made in philosophy, it 
seems necessary in this place to point out the par- 
ticulars in which magnetism and electricity resem- 


ble each other, and likewise those in which, cher 


more essentially differ. ; 


That power which philosopbers call e 5 


is of two sorts, namely, the Positive and the negative 


electricity. It is an invariable law in electricity, 


that bodies possessed of the same sort of electricity 
repel each other, whereas those which are. Pos- 
sessed of different electricities attract each other. 

Thus, 1 in magnetics, there is a north and a south 


pole; those parts of magnetic bodies which are 


possessed of the same polarity, repel each other; 


but those which are possessed of different b pols- 
; rities, attract each other. 


In electricity, whenever a boyd in a nod 


state is brought within the sphere of action of an 
electrified body, it becomes itself electrified, and 
 pos8es8ed of the contrary electricity, after which 


Art attraction takes place; 50 that 3 in ww there is 
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no electric attraction but between bodies 7 "ARA 
of different electricities: for instance, if a piece 
of paper be brought suffioiently near a glass tube, 


electrified positively, the paper will acquire the 
negative electricity, and will then be attracted by 


the tube; but, if the paper be so circumstanced, 


as not to have it in its power to acquire the nega- 


"mn electricity, then no attraction will take place, 
' Thus, a ferruginous substance, which is brought, 
within the sphere of action of a magnet, cannot 
be #ttracted by either pole of "the une unless 


it acquires first a contrary polarity. 


One sort of electricity cannot be e by 


itself, but ib always accompanied by the other; 
thus, if a glass tube be electrified positively on its 


external surface, a negative electricity must exist, 
either on its internal ee or on 1 air vonti- 


guous to the tube. 


In the same manner, the two angels TROY are 
always together; nor was there a piece of ferru-. 


ginous substance ever produced, 5 1 one 


er and not the other. | 
The electric virtue can be retained ey con- 
fined by certain bodies, like glass, amber, resins, 


and others, called electrics; but it easily pervades 


other Lee e conductors” or non elec- 


* 4 5 
Fries.” F | e 1 4 HT 4913 14+ 
©. 


The magnetic virtue is wy. by ferruginous 
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hard steel, and the magnet: but it pervades easily, 


and without the least perceivable nn all 
other sorts of substances. 
On the other hand, the magnetic power differs 


from the electric, first, in its not affecting our 


senses with any light, smell, taste, or ndise; 
| whereas, the electric spark, shock, smell, and 
taste, are known to every one conversant in electric 
experiments. Secondly; magnetism attracts only 
iron, or those bodies which contain that metal in 
some state or other; whereas, the electric. power 
attracts bodies of every sort. Thirdly; the elec- 
trie virtue resides on the surfuce of electrified 


bodies; whereas, the magnetic is quite internal. 


Lastly; a magnet loses nothing of its power by 
magnetizi ing other substances; but an electrified 
body loses part of its electricity by electrifying 
other substances. Here, however, must be re- 
marked, that an electrified body loses part of its 
power, when in electrifying another body touches 
it, and that body acquires then the same sort of 


5 electricity; but when that other body is electrij- 
fied by being only brought within the sphere of 


action of the former, in which case it acquires 
the contrary electrieity, then the former body 


loses nothing of its power; ſor instance, suppose 


that a body A possesses a certain quantity of posi- 


tive electricity, and that another body B, in a 


natural state, be gradually brought near A; then 


1 the body B, when it comes within a certain dis- 
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tance Sof the electrified bay A, acquires a nega- 
tive electricity, which negative electricity” 'takes 
away nothing of the power of the body A; but if 
the two bodies come very near, so as to touch, or 
as that the electricity of the body A may leap from 
it to the other, then the body B will become 
electrified positively, and A loses thereby part of 
its power. Indeed, if it be duly considered, this 
last case does not seem ever to take place with 
magnetism; for bodies appear to be rendered 
magnetic merely by the action of their spheres of 
activity, or by that power which enables magnets 


do act at some distance from their own bodies; 
Ws and therefore we may justly say, that electrified 


and magnetic bodies agree in this, vis. that they 
lose nothing of their power, when other bodies 
are electrified or rendered F in Ray of 
their spheres of activity. 
When the aurora borealis, ieh bas been | 
+ Soight” to be an electrical phenomenon, forms a 
luminous arch towards the northern part of the 
| horizon, the most elevated part, or middle of that 
1 is generally 1 in the magnetic meridian. ' 
Several other points of analogy, or of didirence 
between magnetism and electricity, will, perhaps, 
occur'to those persons who examine both subjects; 
but if they be attentively considered, I think they 
will be found to be comprehended i in those wen 8 
haye been r M , 5 
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CHAPTER Ii... 


7 


4 
— 


Fd 


or run HYPOTHESIS OP THE MAGNETIC | 
5 „ ii 


Tus great desideratum in magnetics'la; to know 
the cause which, in a magnet, of whatever sort it 
may be, produces the attraction, repulsion, and 
other magnetic phenomena. It is really surpriz- 


ing to observe, that, by the mere contact, or even 
by the vicinity of a magnet, a piece of steel, &c. 


acquires several extraordinary properties, which it 


aſterwards retains obstinately, and that without 


_ - having its weight, shape, colour or hardness, altered 
in any sensible degree, and without the appear- 
ance of any substance being communicated to it 
by the magnet, which substance is either per- 
ceived by our senses, or at all hindered r the 
5 . el of any known body. 


Human imagination, ever ready to supply the | 


deficiency of real knowledge, bas offered abun- 
dance of hypotheses; but their insufficiency to 


7 explain the various phenomena of magnetism, 
" renders them mostly improbable, and often evi- 
ently absurd. Some have imagined, that the 
pores of ferruginous badies. are full of valves, 
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which. permit the passage of the magnetic fluid in 
one direction, but prevent its return backwards, 
Others have imagined, that there is a perpetual 
circulation of a certain fluid from one pole to the 
other of every magnet; and of course, that on the 


: earth, which i 15 a great magnet, there is likewise 
2 perpetual circulation of this magnetic fluid from 


the regions adjacent to one pole to those A. 
to the other, 
Without detaining my 3 5 with the parti- 
cular account, and conſutation of those and other 


bypotheses, I shall only take notice of the hypo- 


thesis proposed by the ingenious Aepinus, which, 


| though, lubouring under several objections, seems 


however to be the most plausible.“ 
From the analogy of the established or more 
common hypothesis of electricity, which goes 
under the name of Dr. Franklin's, Mr. Aepinus 
11 to imagine, that there exists a fluid pro- 
ductive of all the magnetic phenomena, and con- 
sequently to be called the magnetic fluid; that this 
fluid is 50 very subtile as to penetrate the pores of 
all bodies; and that it is of an elastic nature, viz. 


| that 1 its particles are repulsiye of each other. 


© He farther supposes, that there is a 8 
auraction den he magnetic fluid ane? iron, or 


4 ' © ar 4 * 
* . 5 * 


* Tomas: Theorie Eleetricitatis et wee. Auetore 
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other ferruginous bodies; but that all other sub- 
stances have no action with this fluid; they nei- 
ther attracting nor repelling each other. 7% 
He then observes, that there is a great deal of 
resemblance between ferruginous bodies and elec- 
trics, or non-conductors of electricity; for the 
magnetic fluid passes with difficulty through the 
pores of the former, as well as the electric fluid 
passes with difficulty through the pores of the 
latter. However, there is not a body that has any 
action on the magnetic fluid, and is, at the same 
time, analogous to non-electrics; for instance, 
there is no body, the particles of which attract 
the magnetic fluid: and yet this fluid can pervade 
its pores without any obstruction. In iron, in- 
deed, a kind of gradation of this sort seems to 
take place; for, the softer the iron is, the more 
freely does the magnetic fluid pervade its pores; 
and, on the contrary, the harder it is, the greater 
opposition it offers to the free passage of that 
fluid; so that the iron, when soft, seems to be 
more analogous to non-electrics than when hard. 
According to this hypothesis, iron, and all fer- 
ruginous substances, contain a quantity of mag 
netic fluid, which is equably dispersed through 
their substance, when those bodies are not mag- 
netic; in which state they shew no attraction nor 
repulsion against each other, because the repulsion 
between the _ of the 3 fluid is 


1 


} 


: ay 
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tnblinoed: by the attraction 1 the matter of 


those bodies and the said fluid, in, which case 
those bodies are to be in a natural State: but 
when, in a ferruginous body, the quantity of 


magnetic fluid belonging to it is driven to one 


end, then the body becomes magnetic, one ex- 
tremity of it being now overcharged with magne- 
tic fluid, and the other extremity, undercharged. 


Bodies thus constituted, viz. rendered magnetic, 


exert a repulsion between their overcharged ex- 
tremities, in virtue of the repulsion between the 
particles of that excess of magnetic fluid; which 


is more than overbalanced by the attraction of 
their matter. There is an attraction exerted be- 


tween the overcharged extremity gf one magnetic 
body, and the undercharged -extremity of the 


other, on account of the attraction between that 
| fluid and the matter of the body; but, to explain 


the repulsion which takes place between their 
undercharged extremities, we must either ima- 


gine that the matter of ſerruginous bodies, when 


deprived of its magnetic fluid, must be repulsive 
of its own particles, or that the undercharged ex- 
tremities appear to repel each other, only because 
either of them attracts the opposite overcharged 
_ extremities; both which suppositions are embar- 
rassed with difficulties. 155 

A ferruginous body, therefore, is en ee 


netic by n the e diffusion of 0 
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| fluid throughout its substance disturbed, so as to 
have an overplus of it in one or more parts, and 


+ *M deficiency of it in one or more other parts; and 
it remains magnetic as long as its impermeability 


prevents the restoration of the balance between 

the overcharged and undercharged parts. More- 
| over, the piece of iron is rendered magnetic by 
the vicinity of a magnet; because, when the over- 
charged part or pole of the magnet is presented to 
it, the overplus of magnetic fluid in that pole 
repels the magnetic fluid away from the nearest 


extremity. of the iron, which therefore becomes 


undercharged, or possessed of the contrary pola- 
rity, to the most remote part of the iron, which 
consequently becomes overcharged, or possessed 


of the same polarity as the presented pole of the 


magnet. When the piece of iron is rendered 
magnetic by presenting to it the undercharged 


' extremity or pole of the magnet, then the part of 


the iron which is nearest to it, becomes over- 
charged, &c. because that part of the magnet, 


being deprived of its magnetic fluid, attracts the 
magnetic fluid of the iron to that extremity of the 


iron which lies nearest to itself. 

In consequence of which it appears, that, in 

order to give magnetism to a body, as a piece of 
steel, the strength of the magnet employed must 

be such as to overcome the resistance, which the 
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zubstance of the steel makes against the free pas- 
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zage of the magnetic fluid; hence, a piece of soft 
tteel is rendered magnetic more easily than a hard 
one; hence, a stronger magpet will render mag- 
| netic such ferruginous bodies, as other smaller 
12 bave no power upon. : 
The action of two magnets upon each er 6 18 
likewise easily explained by this hypothesis. When 
two equal magnets oppose their contrary poles to 
each other, they thereby preserve and strengthen 
their power; but when the homologons poles of 
two magnets are placed near, then, if the strength 
and quality of those magnets be equal, they will 
only diminish each other's magnetic power; but, 
i they be unequal in power or other quality, as 
the hardness, shape, &c. then the weakest will 
have its power diminished, destroyed, or changed, 
in proportion to its soſtness, weakness of magne- 
tiem, and other circumstances, which will easily 


occur to the e reader. 
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PART III. 
PRACTICAL MAGNETISM. 


Tux object of this Part of the present work is, to 
describe those experiments which are necessary to 
© the laws of magnetism mentioned in the 


which are necessary for the uses to which magne- 
tism is subservient. In this description, both of 
experimefits and of instruments, I shall principally 
insist upon those particulars, which, being 6f a 


15 general nature, may serve as fixed points to guide 


ble ingenious experimenter in the contrivance of 

more perfect instruments, and in the performance 
of the necessary experiments by the most easy 
means, it being very well known, that, to be 


obliged to procure a particular instrument for al- 


most eyery experiment, which is mostly the case 


| Vith beginners, when complicated and formal ap- 
paratusses are described, considerably jotgres the 
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First Part; and also, to describe those instruments 
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CHAPTER I. 


| VESCRIPTION « OF THY MAGNETICAL 
INSTRUMENTS. ; 


A 


Ir we collect under one point of view the mag- 


_ netic properties, it will be found that they may be 
comprehended under two general classes, namely, 


the action of the magnet upon unmagnetic ferru- 
ginous bodies, and the action of one magnet upon 
another; The first consists only in communicat- 
ing the magnetic power; the second comprehends 
the attraction and repulsion, a consequence of 
which is the directive property, viz. the compass 
nd dipping. needle..: Therefore, the principal 


instruments in magnetics are, a few magnets or 


magnetic bars, a magnetic needle for the magnet's 


horizontal direction, and the Mw RO: to 


shew the inclination. 


I one do not want to be very nice and particu- 
lar, a common horse- shoe artificial magnet, which. 
costs very little, and a few sewing needles, will 


shew several experiments; but, Peragns. who wish 


to be more exact; and to make improvements in 
the subject, ought to be provided with a good 


set of artificial magnets, which al bond of 


— 


mY * 
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* 
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" bars, a . small magnetic needles, a pretty 


large needle in a proper box with a graduated 


circle, and a dipping needle; to which may be 
added, some pieces of steel wire, two or three 
' bars of soſt iron, and a few other things of no 
great expense, but very useful for various experi- 

ments. 8 - 
In this Chapter, I shall describe only the three 
principal instruments, via. the bars, the needles, 
and dipping needle; the rest being mentioned 
gm in the deggription of the experiments. 
The magnetic bars are generally six in number, 
and they ought to be made of the best steel, and 


left quite hard; but, however, there is not a cha- 


c racteristie yet known, by which the steel, capable 
ol acquiring the greatest magnetic power, may be 
distinguished. It will be proper, therefore, to try 


the steel previously to using it for the consttuc- 
tion of the bars. For which purpose, take a piece 
aol it, about three inches long, and about a quar- 
b ter of an inch in thickness, no matter whether 

round or square, make it red-hot, and in that 

tate plunge it in cold water, which hardens it 80 
that a file will not touch it. This done, apply 


two powerful magnetic bars to its extremities; 


| keep them in that situation for about a minute, 
| taking care let the north pole of one of the 


magnetic bars touch one extremity of the piece of 


scel, and the south pole of the other bar touch 
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the opposite extremity of the steel: then try 
whether the piece of steel will hold suspended a 


key, or other piece of iron that may be at hand. 


Thus, by trying several pieces of steel of different 
sorts, and by treating them all alike, you will 
easily perceive which is capable of lifting the 
greatest weight of iron, and, consequently, that 


sort of steel is the itte for the ene of 


the bars. 

The dimensions of thao bars 6ught to have a 
certain proportion, otherwise they will not be 
capable of a very great power. The most advan- 


tageous shape is when the length is about ten 


times the breadth, and about twenty times the 
thickness; so that if they be five inches long, 
which is the most usual length, they ought to be 


about half an inch broad, and about a quarter of 
an inch in diameter. The cylindrical bars are 


not very conveniently managed. | 
Some persons have described particular e 
of hardening such bars, viz. by. plunging them, 
when red#hot, in different liquors. It has been 
confidently asserted, that to put them, when red- 
hot, in a mixture of scraped horn and common 
salt is very advantageous; but, upon the whole, 


simple cold water seems to be equal to any other 


substance. V | * 
It is inamaterjal, whether thoe bom be polizhed : 


or not; but it will be better to polish them; in 


A 


* 


ed 


that state being less apt to contract rust. One 
line all round, in order to distinguish one pole 


made the north pole. 

To each set of bars there always belong two 
pieces of soft iron, called supports, each of which 
is equal to the size of half one of the bars; 80 
that, when placed contiguous to one another i in 
one — they may be equal to one of the 
bars. These pieces of iron are useful when some 
5 other ferruginous bodies are to be rendered mag- 
netic, or when the same set of bars is to be 
. 8tren gthened in power. | 

When the magnetic bars are kept together, 
they must be placed alternately with the marked 
end of one contiguous to the unmarked end of 
the next; as shewn in fig. 4. The method of 
rendering those bars magnetic will be found in a 
zubsequent Chapter. 5 

The construction of the compass or magnetic 
needle has undergone a great variety, and almost 
every construction has some peculiar advantages. 
The simplest magnetic needle is a common sew- 
ing needle made magnetic, and either: suspended 
by means of a thread tied to its middle, or by 
laying it gently on the surface of water kept in a 
vessel; for, if the needle be gall, it will! swim 
3 the surface of the water, notyithstanding its 
H 2 
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extremity of each bar is generally marked with a. 


from the other, and the marked end is usually ' 
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Specific ky is s greater than that of water; As 


when clean; or perhaps the air may contribute to 
it. If any part of the needle happens to; get a 
little below the surface of the water, then the 


_ needle goes immediately to the bottom. The 


inconvenience attending the first of the above- 


_ mentioned suspensions, is the atiffness aft 


thread, even of the finest sort, which prevents the 
free motion of the nelle. The prineipal incan- 


| veniences attending the second are, the needle's 
generally going towards the aides of the veel, 
and its going to the bottom on the least agitation; 


7 however ay 7 be nn 1 a pieee of 


5 The more general, nh by far *s "i sort of 
suspension for magnetie needles, is to let them 


rest horizontally with their middles upon aharp- 
pointed wires set up perpendicularly in a box or 
other support. The needle for this purpose must 


have 2 conical cavity in its middle, the apex of 


which may be above the centre of the needle; 50 
that, when the needle; is laid upon the wire, the 


point of which must be in the apex of the. conical 


cavity, its centre. of gravity may be below that 


point of suspension; otherw-ise the ne 
fall off very casily. Fo 
In order to anger 


— 


being a kind of repulsion between water and steel 


the 


a ps thi en 
generally quite 3 with a _—_— 


5 5 5 5 : 8 
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TR a piece of hatathered brass is then rivetted 
into this hole, and the conical cavity is made into 
the brass, 80 that the apex of it may stand yery 
lirtle above the upper surface of the needle, as 
at A, fig. 5 of plate I. In this construction, the 
point of the wire B, the very top of which is often 
made of hard steel, whilst the lower part is of 
brass, bears against the brass, and, notwithstand- 
ing that the brass be hardened, yet, by continual 
rubbing, a small indenture, of irregular hole, &c. 
3 often made herein, which occasions a consider- 
|  - bl6 obsfruetion to the free motion of the needle; 
0 obyiate which, in the best needles, a piece of 
sgaté is set in the upper part of the brass, and the 
aper of the conical cavity is made in that hard 
one, which renders the motion of the needle 
| very free and essy. The needles thus constructed, 
e said to be furnished with an agate cap, and the 
ber eompasses made for sea Have this sort of cap.* 
ig 6 of plate I. deus # $6ti6rt of this _— 
| in Ry &. 


f . e ad ade eval 
it present, are made in the following improper munter: che 
dns tap is fastened té the rhiddle of A eireular card, upon 
wich fic various points of the horizon, as the east, west, &e; 
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As a very little irregularity in the shape of a 


piece of steel is often productive of more than two 


magnetic poles, or an improper situation of the 


two poles, which must be always avoided; some 


persons, having objection to the-perforation made 


through the needles, have thought of, other sus- 
pensions, in which the perforation might be 


avoided; the best of which proposals is shewn in 
| ig. 7 of plate I, where the magnetic needle AB 
is fastened to a piece of brass CE D, properly 
bent: in the middle of it, viz. at g, there is a 


small conical cavity, where an agate cap may 
likewise be applied. In order to suspend this 


| needle, a bar FH, fig. 8, is made fast to the 
box K L, in the middle of which bar is a pointed 
pin I, upon which the cavity of the piece of brass 
dat is fastened to the middle, rests; the needle 


AB moving below. the cross-bar F H, and this 


- . _cross-bar passing between. the needle and the 


piece of brass that is fastened to it, v/z. through g 
of fig. 7. It is evident, that the needle, in this 
construction, cannot turn quite round; conse- 
quently, this sort of suspension is not fit for the 
use of vessels at sea. 

The Chinese method of en: the: - mag- 
netic needle is exceedingly - ingenious. The fi- 
Eures 9 and 10 of plate I, represent this needle very 


, nearly of its real size, and in two points of \ view, 


vig. in the former the eye. of the observer i is in 


A 


[ 


/ 
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the Atte of the needle; but in the latter, the 
eye views the needle sidewise.* I is a brass cap, 


very thin and light, and towards the edge of it 


there are two holes, opposite to each other. BB 
is a very slender slip of brass, the upper part of 
which at A is shaped like a ring, through which 


the needle CD passes. The extremities of this 


slip of brass pass through the holes in the edge of 


the cap I, and are fastened to it by being turned 
cover its edge. The magnetic needle C D consists 


— 


of a cylindrical steel wire, about an inch long, and 

not above a fortieth of an inch in diameter; and, 
in order to distinguish its north extremity, half of 
it is painted red, and the other half is black. All 


this is supported by the pin E, which is fastened 
to the bottom of the box, and upon which it 
moves very nimbly. In this construction, not- 


withstanding the needle is above the centre of 


suspension, yet the centre of gravity of all the 


three pieces that are connected together, is below 


| brought from China by Dr. James Lind, a physician at Windsor. 


the point of suspension, otherwise it could not be 


supported. To prevent the needle falling off, 
when the compass, by being carried about, is 


turned top- side down, there is fastened to the box - 


a plate of oy thin brass, a section, of which. i is 
* These n were made from some Chinese compasses, 


The needles in them 8 are very nearly all of a size, VIS, about an 
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chown by FG; it has a hole through the middle, 

- which, being smaller than the diameter of the 
Aperture of the brass cap, prevents its .receding 
too much from the point of the wire E, and ala | 

prevents its falling siflewise. — 

From repeated experiments, it appears, that the 
perforation through the magnetic needle i is of no 
detriment, or at least not sufficient to occasion 
any multiplicity of poles, or to prevent the nee- 
dle's due direction. Its external shape is to be 
minded most, the irregularities of it being by far 

more detrimental. The little swelling generally 
made about its middle, in order to give it strength 

just where the perforation otherwise weakens it, 
does no damage, ns it be as represented in 
fig. NI of plate I, and not made with points, 
edges, or other irregularities, for the sake of orna- 
ment. The magnetic needles, made for the best 
compasses used at sea, are considerably broad, 
and a lender brass ring is fastened to their extre- 
mities, upon which the card or paper, with the 
points of the horizon marked upon it, is stretehed. 


But the great objection against broad needles is, 


' that the two poles are frequently not in its axis. 
Jt would be therefore more proper to make them - 
rather thick than broad; because, if in this case 
their poles happen to be not in its axis, but one 
be at D, fig. 12, plate I, whilst the other is at A, 
they cannot alfeot the direction * the needle, 
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* 


- being; if not in its axis, at least in the same plane 
with it. The most eligible shape, therefore; seems 


to be chat shewn by the figures 11 and 12, which 


| exhibit two views of the same magnetic needle. 

The length of the needles commonly used for 
the sea, is between four and six inches; but those 
which are to be used for observing the daily vari- 
ation, called variation needles, are made longer, 


some of them having been made of more than two 


feet in length, in order to render their deviation 


from the meridian more sensible. However, in 


dle present improved state of constructing philo- 
 gophical instruments, if the work be properly 
done, a needle of about eight inches length will 
e the variation whine. much less tay half a 
minute. 


In the 5 way of construeting magnetis 5 


needles, the points or extremities of the needle, 


which indicate the divisions on the graduated cir- | 


cle, &c. are below the point of the needle's sus- 


? horizontally, but in the manner of a pendulum, 
| those points cannot be steadily directed to the 


. to avoid which, in the best sort of 


needles, two pieces of other metal are sometimes 


pieces are first bent a litile way upwards, and then 
N are turned again . SO as. 10 ler- 


affixed to the extremities of the needle; which 


pension; hence, when the needle vibrates, not 
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minate in the same line with * needle” 8 es of 


5 suspension. 


Having thus far described the A sorts of 


suspensions, I shall now enumerate the particulars 
which must be had in view in the construction of 


magnetic needles; and shall then proceed to de- 
- Scribe the principal sorts of magnetic compasses. 

The magnetic needles ought to be made of that 
sort of steel which is the most susceptible of mag- 
netism; and they ought to be quite hard, to re- 
| tain the magnetic power longer.*- 

The shape ought to be as simple as 1 or 
bee from projections and other irregularities, 
| made by way of ornaments, In short, they ought 
to be constructed so as to have only two magnetio | 
poles, and those in that same plane which Passes 
e Ea the « centre of SUSPENSION F 


* The more common needles are improperly . down > 


to a blue temper; for, though in that state they acquire the 
magnetism much easier, La my for — same reason lose it 


much easter. ER ; * 
4 The hardening of a piece of ell 7 in goed, by the usa 


method of plunging it, when red-hot, in cold water, frequently 


alters the shape of it by bending it, especially when the piece of 
steel is oſ an oblong form; for ' which reason, in forming the 


* magnetic needles, they ought to be left by the file somewhat 


larger than necessary; I because, after the hardening, they may 
be brought to the proper size and _—_ 10 2 8 on a Tur - 


TE stone. 
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They should also be made as light as possible, 
in order to diminish the friction on the point of 


; suspension; which, , even when the needles are 
furnished with agate caps, occasions some ob- 


struction against their motion. 
The agate caps must also be made Nenad 
viz. their cavity ought to be perfectly conical; 


which, after having examined several of them, 


I can assert to be seldom the case; and, indeed, 
it is very difficult to shape them properly, on 
account of the hardness of the stone. 

The magnetic needles, though perfectly th, 
1980 before the magnetism is communicated ti 
them, will afterwards incline one of their extremi- 
ties, on account of the dipping property of every 
magnet; and, in order to make them stand hori- 


zontally, the other extremity is loaded with a little 


weight, or the prep6nderating extremity must be 
made lighter by grinding; but the latter of which 
is a very improper way, because, by altering the in- 
olination, which happens especially when the nee- 
5 dle! is removed from place to place, its horizontal 


position is soon destroyed, in which case it will be 


necessary to grind one end off again. 


For this reason it is also improper to as a a. 
fixed weight to one end of the needle, which is 


sometimes done by piercing a hole through the 
Steel, and putting a piece of brass wire in it, so as 
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10 project a little on either side of the needle. 
The best way, therefore, of adding this weight, 
to put a sliding piece of brass on one half of the 
needle; for, by sliding this piece of brass hearer 
to or farther from the centre of the needle, the 
weight of that extremity is e altered 89 75 
The principal sorts of magnetic compesses a are 
four, viz. the magnetic needle, simply suspended 


nin a box; the mariner's compass, or that ned at 


sag the azimuth compass, or that which is used 
principally at sea in order to find the declination 
| &f the, needle at any place;® and the variation 
compass, which, being fixed in a convenient place 
on land, serves to shew the daily variation. — 
The first of those species requires no ſariher 
desoription, than what may be derived! from the | 
n Pages. 8 A 
| The second, or mariner's compass, emsig of 
three parts, viz. the box, the card or fly, and the 
| needle; see fig. 13 of plate I. The box, which 
contains the card arid needle, is made of a circular 


Es e amy ow, It is 8a5pended 


A * This 3s cated th: nina compare, because it serves to find 
"the yagigtion hy obcerving the azimuth of a oclestial object; tha 
azimuth being, an arch of the horizon, contained between the 

north of south and the point where a plane, which 8 

through the zenith and the celestiaf object, cuts the horizon, 
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within, a square wooden box, by means of two 
concentric circles called gimbalds, 80 fixed by cross 


| 2 | centres to the two boxes, that the inner one, or 


compass box, shall retain an horizontal position in 
all motions of the ship, whilst the outer or square 
box is fast with respect to the vessel.“ The com- 
pass box is covered with a pane of glass, in order 
that the motion of the card may not be disturbed 
by the wind. Respecting the construction of the 
needle, enough has been said in the preceding 
pages; there remains only to describe the card or 
fly. The outer edge of this card is divided into 


360 degrees; within the circle of which divisions 
it is divided again into 32 equal parts or arches, 


called the points of the compass or .rhumbs; which 
rhumbs are subdivided into quarters. 
The names of those rhumbs, beginning from 


the north point, and going all round, are the 
following: the letters standing N. for north; E. 


for east; S. for south; and W. for west. 


* Sometimes the gimbalds consist of one circle, the axes of 
1 which are supported by the square box, whilst the axes of the 
compass box are just across s the former. 
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© ghewing the angles which every rhumb, and every quarter of a 
rhumb, makes with the meridian. 
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Notwithstanding the contrivance of the gims 


| Þalds, the irregular motion of the compass in a 


rough sea is as yet a considerable imperfection 


attending the use of it in vessels. This inconve- 


nience has been attempted to be remedied by va- 
rious means, some of which are absolutely wrong, 
whilst others have very little effect. The least 
Skilled sort of seamen do not like to have the 


needle of their compass too powerfully magnetic, 
because, they say, then the needle is not steady. 


The fact is, that when the needle is not very 
strongly magnetic, it follows the irregularity of 
the ship's motion more easily, which renders it 


apparently more steady; but it must be consi- 
dered, that the very same cause which makes it 
ſollow the irregular motion of the ship more easily, 
prevents, in an equal proportion, its placing itself 
n the magnetic meridian; consequently, this sort. | 
of remedy is a very improper one, With the 
same degree of impropriety, the correction of this 
_ obstruction has been often attempted, by increas- 
ing the friction between the cap of the needle 


and the pointed wire . which it e sus- 


pendeln. . 
Sometimes they bave stuck a his pieces of pa- 


per, like wings, on the under side of the card, 


which, by making a resistance against the air in 


the box, prevented the vibrations of the needle. 


For this purpose, it has also been proposed to let 
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; the needle move in oil or some other liquor, keep- 

7 ing it still suspended upon the pin as usual, in 

order to let jt move concentric with the box; the 
oil serving only to check its vibrations. | 

| Lastly; it has been practised to suspend the 
585 which contains the needle, upon a pointed 
wire, instead of the gimbalds. For which pur- 
pose, the bottom of the box has been made coni- 
cal, like the bottoms of common wine bottles; the 
apex of which cone rested upon the pointed wire, 

| and the convex side of the said apex, or that part 
of it which came within the box, supported the 
needle: but, upon inquiry, I am told, that at sea 
none of those contrivances answer better than the 
compass supported in gimbalds, and constructed 
with the before mentioned precautions. 

The azimuth compass is nothing more than the ; 
fore-mentioned compass; to which two sights are 
adapted,” through which the sun is to be seen, in 

order to find its azimuth, and from thence ascer- 
uin the declination of the magnetic needle, in the 
manner hereafter to be sbewn. This sort of com- 
pass is represented by fig. 14. The particulars in 
which it differs from the usual compass are the 5 
* following: vix. the sights F, G; in one of which, 
G, there is an qþlong aperture with a perpendi- 
cular. thread or wire through it; and in the other 
|; aight,P, there 1 is a narrow slit, likewise perpendi- 
cular; the thread or wire HI, Stretched from ane: 
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edge of ibs box to the other; and lavily; the ring 
AB of the gimbalds rests with its pivots on the 
semicircle CD, the foot E of which turns in a 
socket, so that, . whilst the box K LM is kept 
steady, the compass may be turned round, in 
order to place the sights F, G, in the direction of 
the sun. The pivots of the gimbalds of this, as 
well as of the common sort of compasses, should 
be made to lie in the same plane with the point of 
suspension of the . ncedle or card; in order to 
avoid, as much as possible, the irregularity of the 
vibrations. There are on the inside of the box 

two lines which fall perpendicularly along the sides 
of the box, just from the points where the thread 
HI touches the edge of the box. These lines 


5 serve to shew how many degrees the north or 


south pole of the needle is distant from the azi- 
muth of the sun; for which reason, the middle of 
the aperture of the sights F and G, the thread 
H I, and the said lines, must be exactly in the 
same vertical plane. The use of the thread, 
which is often omitted in instruments of this sort, 
1s likewise to shew the degrees between the mag- 
netic meridian and the azimuth, when the eye of 
the observer stands perpendieularly over it. On 
| the side of the / box of this sort of compasses, there 
is generally a nut or stop, which, when pushed, 
bears against the card and stops it; which is done 
in order to read more e conveniently t the degree of 
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the card which coincides with one of the perpen- = 

|  dicular lines on the inside of the box. | 
The variation compass, being intended to shew = 
the daily variation of the magnetic needle on land, #Y 
i generally made longer than those used at sea; KH 
and, as it is not necessary to turn it round, the $2 
box, instead of being circular, is oblong, 80 that, 4 
| hen the box is kept steady, the needle can move 1 
itself for the space of about 40 or 50 degrees. Hz 
The divided arches are either within the box, or 2 
upon an horizontal frame out of the box; and 
then the compass is fastened on the index, whieh 1 
moeyes round the centre of the divided arch or | 5A 
arches, and on the edge of which there is a nonius, 9 
necessary to shew the parts of a degree. In 5 
 this-Jast construction, the index, which, as has 8 
: : been just mentioned, carries the compass, must | Ht 
be moved so as to let its fiducial line coincide with ; 

the line which passes through. the poles and centre i 

al suspension of the needle: then the extremity of 9 
the index will point out the variation, on the di- Z 

| . vided arch, in degrees and mirutes. But when 1 
the divided arches are within the box, then the 

. variation is known by. only observing the divisions, i. 1 
which coincide with the axis of the needle. _ 4 B 
In both constructions, it is evident, that the F 
beginning of the divisions of the divided arch or 5 
arches must be placed exactly in the meridian of = 

| the Ages: or its deviation from the meridian must Y 
NM 3 2 


the magnetic needle. 
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be accurately known, 3 in order that, in a reading the 


degrees of magnetic 1 a r allowance 


may be made. 
Those compasses are Grech! in the plane of the 


meridian, by looking at a meridian mark made at . 
some distance, through a telescope which is gene- 


rally affixed to them; or by-situating them on a 
meridian line drawn in the place where they are 
to be. fixed. But, for the method of finding the 


true meridian of any pla&, the reader must be 
referred to astronomical books, it being an object 


foreign from the subject of this work. 


After what has been said in the preceding 
pages, it is almost superfluous to observe, that in 


the construction as well as in the situation of the 
compasses, iron must be kept at a distance as 


much as possible; making the parts of those in- 


struments mostly of wood, or, where wood cannot 


be properly employed, on account of the divisions, 


strength of the parts, &c. to make use of such 


brass, as, upon examination, is found n not to affect 
The dipping needle, though of late v! im- 
proved, is still far from having attained to any 


perfection. © The general way of constructing it 


is, to pass an axis quite through the needle, to let 
the extremities of this axis, like the beam of a pair 


of scales, rest upon two supports, so that the nee- 
dle may move itself bee found: that axis; 


* 
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hence, when Situated in the magnetic meridian, 
it will place itself in the magnetic line, and the 


degrees of its inclination are shewn upon a divided 


ü circle, in the centre of which the needle is sus- 


pended. Fig. 15 is a representation of this in- 


strument; AB being the needle, the axis of which 


F E rests upon the middle of the two lateral bars 


ED, C D, which are made fast to the divided 


eircle EF. This machine is generally placed 


upon a stand G; but, when it is to be used at sea, 


is suspended by a ring H to a proper frame, so as 
to hang perpendicularly. When, the instrument 


is furnished with a stand, a spirit level is generally 


annexed to it, and the stand has three screws by 
which the instrument is properly situated, viz; 


$0 as to let the centre of motion of the needle, 


and the mark of go on the lower part of the di- 
Vvided circle, be exactly in the same _ pres 
| dicular to the horizon. | 


The greatest imperfections of this instrument 


are, the balancing of the needle, and the difficulty 


of knowing whether the needle, after being made 


magnetic, is balanced or not; for, though it may 


| have. been perfectly balanced before, which is as- 


"EM. 


bertained by its remaining in whatever situation 
1 it may be left, yet afterwards, by the adhesion of 


moisture, or other extraneous matter, it may ea- 


Sily lose its balance, which cannot be known with 
bertainty after being made * | 
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The method which seems the fittest to avoid 

the error arising from the want of balance, is, first 
to observe the dip of the needle, then to reverse 
its magnetism, by the application of magnets, so 

that the end of it which before was elevated above 

the horizon may now be below it; and lastly, to 
is | observe its dip again; for a mean of the two ob- 
= servations will be pretty near the truth, though 
the needle may not be perfectly balanced. But of 
this more in a subsequent chapter. 

1 shall now add the description of an universal 
magnetic needle; vix. a magnetic needle which 
shews at the same time the horizontal and vertical 

555 direction of the magnet, or, more properly speak - 
1 ing, places itself in the magnetical line; whereas 
the dipping needle described before, must be 
placed in the magnetic meridian. This universal 
needle was contrived by Dr. Lorimer, and a de- 
scription thereof published in the first part of the 
65th vol. of the Phil. Trans., from ne it is 

transcribed. 


« ee of a new dy ipping needlt, ty Dr. 
J. Lorimer, in a letter to Sir John Pringle, 
Bars. P. R. S. = 92 


5 9 


? 6 Whenever any one meets h a "RY or 
ZE em load- stone, the first thing he does is to 
undd out its poles; and, having once discovered 
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* hs knows inmedimely how any small bit 
of needle will be affected, if it is placed upon any 
part of the surface of that zerrella. The poles are 
most. readily discovered by trying where the fil- 
ings of iron, or a small bit of needle, will stand 
erect upon the zerrella; and this is generally found 
to be upon two points which are diametrically 
opposite to one another. But the magnetic poles. 
of the earth seem to be placed obliquely to one 
another, (see the Berlin Memoirs, 1757 ;) though 
where they are actually situated is hitherto un- 
known; whether they are upon land or water; or 
in either case, whether we can come nigh to them. 
Let, be these things as they may, it appears evi- 
dent to me, that accurate observations, made as 
near to those magnetic poles as possible, with a 
good dipping needle, is the surest way to com- 
plete the magnetic cheory of this globe, analogous 
to the method we pursue in examining the 7errella. 
But, as all the dipping needles which I have Seen, 
appeared to me to be very ill calculated for the 
dea service at least, I-contrived one upon a diffe- 
rent plan in 1764, and had it executed before 
I left England, by Mr. Sisson. I have called it 
an universal magnetic needle, or observation compass, 
because I can by it take the dip and amplitude, 


and even the azimuth, with only one assistant to 


take the altitude for me. The needle is of the | 
Same shape ang. size near! 7 as those used now ſor 


— 


3 
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the compasses of the royal navy, and plays verti- 
cally upon its own axis, which has two conical 
points, sliglitly supported in two corresponding 


Sockets, which are inserted into the bpposite sides 


of a small upright brass parallelogram, about one 
inch and an halſ broad, and six inches high. Into 
this parallelogram is fixed, at right angles, a slen- 
der brass circle, about six inches diameter, sil- 
vered, and graduated to every half degree, upon 
which the needle shews the dip, by a vernier if 
you choose; and this, for the sake of distinction, 
I shall call the circle of magnetic inclination. 
This brass parallelogram, and consequently the 
circle of inclination, also turns horizontally upon 
wo other pivots, the one above and the other 
below, with corresponding sockets in the paralle- 
logram. These pivots are fixed in a vertical brass 
circle, of the breadth and thickness of two tenths 
of an inch, and of such a diameter, as to allow 
the circle of inclination and the parallelogram to 
move freely round within it. This second circle 
I shall call the general meridian. It is not gradu- 
| ated, but has a small brass weight fixed to the 
lower part of it, to keep it "upright; and the circle 
itself is screwed, at right angles, into another 
cCirele, of equal internal diameter, of te same 
thickness, and twice the breadth, which is sil- 
vered, and graduated on the upper side to every 
half degree, It represents the horizon as it wings 
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Geily- upon gimbalds, and i is always nearly parallel 
to it. The whole is contained in a neat maho- 


gany box, of an octagon figure, with a glass plate 


at top, and one on each side, for about two thirds 


5 down. That part of the frame which contains 


the glass lifts off occasionally. The whole box 


turns round upon a strong brass centre, fixed in a 
double plate of mahogany, glewed together cross- 


. wise, to prevent its warping or splitting; and this 


again is Supported by three brass feet, such as are 


used for cases of table knives, frosted, that they 
may not easily slip, if the vessel should have any 
considerable motion. It has another square deal 
3 box to lock it up in, to preserve the glass, &c. 
when it is not wanted for use. 
The use of this instrument is very plain, as 


ttzhe inclination or dip is at any time apparent from 
= inspection only; and also the variation, if the 


frame is turned round till the great vertical circle 


lies exactly in the plane of the true meridian: for, 


the circle of inclination being always in the nee- 


. dle's vertical plane, the edge of it will evidently | 
| Point out upon the horizon the variation east or 
west. But at sea, When there is not too much 


motion, you turn the frame round till the vertical 
circle is in the plane of the sun's rays; that is, till 


the shadow of the one side of it just covers the 
. other, and the edge of the circle of inclination 
will then give the magnetic amplitude, if the sun 
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is rising or setting; but the azimuth: at all other 
times of the day; and, the true amplitude or azi- 
math being found in the usual way, the difference 
is the variation. If the motion is considerable, 
5 observe the extremes of the vibration, and take the 
mean for your magnetic amplitude or azimuth. 
When the sun does not shine so bright as to give 
a2 Shadow, you can set the brass circle in a line 
with his body, if he is at all visible, by your eye. 
The principal advantage at first aimed at in this 


compass was, to contrive a dipping needle, which 


should be sufficient for making observations at 
Sea; as those needles, to be of use, must be placed 
by some means or other in such a manner, as that 
all their vibrations shall be made in the true mag- 
netic meridiafl, north and south, otherwise they 
are good for nothing. For, if one of them is 
placed at right angles, across the magnetic line, it 
will stand perpendicularly up and down, in any 
part of the world; the least dip, therefore, is al- 

ways in this magnetic line. But the only method 
of setting a dipping needle at 8a, has hitherto 
deen to place it in a line with the common com- 
pass needle; and this must We very-inaccurate, if 
they are at any considerable distance one from 
the other; or, if they were near, the two needles 
would influence one another, and neither of them 
could be true: nay, supposing them for once to 
be properly placed in this line, the least motion 
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dl the chip throws them out again. But this in- 
strument has a constant power in itself, not only 
of setting itself in the proper position, but also of 
keeping itself so; or. of restoring itself to the same 
situation, if at any time it has lost it; and it is 
curious to see how, by its double motion, it coun- 
teracts, as it were, the rolling motion of the vessel. 

I have only one thing farther to observe, that, as 
it is impossible for human hands to make any in- 
strument mathematically true, so, when we have 
two graduations to look to, as in the present case, 
one on the north, and the other on the south end 
of the needle, we ought to attend to both, and 
take the medium for the true dip or variation, 
pretty nearly. But in this compass, there is ano- 
ther method of examining the observations. Take 
a good artificial magnet, and on the outside of the 
compass box point one end of it towards the nee- 
dle, and by moving your magnet, you may thus 
guide the north end of the needle round the 
south, or vice versa, without opening your com- 
* 58 box. The magnet being then laid aside, the 
ncedle will come to its true position, after a few 
vibrations: but, as both the needle and the circle 
of inclination are now reversed, * it will not point 
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* Dr. Lorimer means, that the 3 should be applied i in 
such manner, as to turn the parallelogram and circle of inclina- 
tion half way round horizontally; so that, that end of the axis 
of the needle, which before e to the w, shall now * 
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exactly to the same ne as before; yet, a mean 
of the two will be the truth, as nearly, I believe, 
as it is possible for any instrument to give it. 
6e Query Ist. May not a part of this small dif- 
' ference be attributed to the direction of the mag- 
netic influence, whatever that be, in the steel bar? 
and, if such an experiment could be tried upon 
the present azimuth compasses, is it not proba- 
ble, that the variation in them would be at least 
as sensible. Query 2d. May not this be the 
cause that two of the best of them will differ a 
small matter from one another? Query 3d. Would 
the ends of the needle being made angular, in- 
stead of the square form, be, in some measure, a 
remedy for this small variation? 
, 1 am, &c.” 


N. B. This instrument requires a most exqui- 
site workmanship; and the sockets wherein the 


pivots move ought to be made of agate. 
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CHAPTER II. 


EXPERIMENTS NECESSARY TO ASCERTAIN THE 
PRESENCE AND QUALITY OF MAGNETISM. 


Taz object of the experiments of this Chapter is 
to shew the methods of finding out whether or no 

a body is attractible by the magnet; whether it 
possesses any magnetism or not; and, in case it 
*; does, to find out its poles. 


ExPERIMENT. I. 


To ascertain whether a body has any attraction to- 
wards the magnet or not. | 


The various 1 of attraction between a 
magnet and ferruginous bodies, require different 
methods, in order to be rendered manifest. 

If the given body contain an evident quantity: 

ol iron, the operator needs only bring an artificial 

er real magnet in contact with it, and he will soon 

_ perceive that there requires a certain force to se- 
„ parate them again; the quantity of which force 
__ shews the degree of attraction between the given 

body and the magnet: thus, when two ounges 


% 


SY 
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weight are required to separate them, the attrac- 
tion is as strong again as when one ounce only is 
sufficient. In this examination, care must Ve had 
to let the magnet and body examined always pre- 


sent similar surfaces to each other, and to come 


quite into contact; otherwise, in examining dif- 


| ferent bodies, it will be impossible to compare 
their various degrees of; attraction a the 


same magnet. 


If the given body be not 2 y atiracted by 
the magnet, when tried. in the above-mentioned 


way; then it must be put to swim upon some 


water kept in an earthen or wooden vessel, by 


means of a piece of cork or wood; for if in that 


situation the magnet be brought sidewise of it, 


the attraction will be soon manifested by the body 


coming towards the magnet. It will be necessary 


sometimes to bring the magnet within about one 
tenth of an inch distance of the swimming body, 


in order to perceive the attraction; in which case, 
ag the body advances towards the magnet, this 
must be gradually withdrawn, taking care fas to 


let them strike against each other; otherwise, 


aſter the impulse, the body, if hard, will generally 
recede. It must be also observed, to present 8 


magnet io the body, when the latter i is at rest. 


A still smaller degree of attraction, than nh 


may be observed by the use of water, may be dis- 
covered by placing the given body to 8wim upon 
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quicksilyer, and by presenting the magnet to it; 
in which case it will move surprizingly nimble. 


In this method, the following particulars must 


be minded, viz. the aperture of the vessel, in 
which the quicksilver is kept, must be at least six 


inches in diameter; otherwise, as the surface of 


the quicksilver descends near the sides of the ves- 
sel, and that curvature is proportionably greater 
in narrow vessels than in larger ones, the floating 


body, when the quicksilver is kept in a vessel of 
three or four inches, will be perpetually running 


towards the sides. The quicksilver must be very 


pure; but, as it is very difficult to find it, or to 


preserve it, pure, it must be frequently passed 


through a funnel of paper, wiz. a piece of writing 
paper rolled up conically, and having a small 


aperture of about a ſortieth of an inch in diameter; 
for, if the quicksilver be impure, the floating body 


will move with less facility upon it than upon 
water. The air about it must not be disturbed 
much, in order to keep the body without motion; 


in which state one of the poles of a strong magnet 
is to be presented on one side of it, in the same 
manner as when the experiment is tried on water, 
5 following the same precautions. 


9 A common soup plate is very fit for this purpose. 
1 y : * ; by | 8 : 4 


- =_ 
I a, * er * 1 
5 £ 2 %y > : . * 2 Parte It * 
r _—— „ „ Ye 5 FE : En II 
1 . — £3400 * 1 2 * * by poly w 
4 . 54 8 3 * „ od 5 . 2 . 9 =» 
CAP a 2 . LAI IEEE #2 hott > 216 * a i 2 
8 * 3 n x > SZ Wes i 2 5 . * — @ — 
— Aer 8 A” * 2 * 1 . R ed ip > 
Xp. 4 > - x < $548 * R * D AA 5 — 3 5 1 IX av 1 — 
—_— _ . 8 X 2 — — —— RI I * - 
: Ws =. WES o 4 ” 1 4 * 1 4 8 I - 8 rern 
Kt. — 8 S K > *> poo tz IS 5.4. * 


"2 
as 
* 


J Ru | ws by SI 4 
o o = 2 
7 2 8 
2 


* 


144 ; : PHACTICAL MAGNETI8IE. 


- 


— 


EXPERIMENT II. 


To ascertain whether a given body has any magne- 
„ tism or nol. 

This . ee requires exactly the same ope- 

rations as the first, with only this difference, vix. 

that in this, the given body, in case it has not 


magnetism sufficient to shew itself by a sensible 


degree of attraction, when a piece of iron is pre- 


sented to it, must be placed to swim upon water 
or quicksilver; and, instead of the magnet, as 
used in the first experiment, a piece of soſt and 
elean iron must be approached to it, with the same 


precautions; for, if the body have any magnetism, 
it will be soon attracted by the piece of iron, which 
for this experiment must not be very long, nor 
very heavy; a piece of about half an ounce weight, 
and WOE an inch long, is very git or the 
Mt (990 e 3 5 
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4 magnetic pody being given, to fad out its "Tg | 


Present the various parts of the surface of the 
magnet body successively to one of the poles of 
a magnetic needle, and you will soon discover 


| which parts of the given body are possessed of a 


ene e = the needle's PT per- 
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pendicularly towards them. Then pres the 


various parts of the surface of the same body BY 


the other pole of the needle, &c. | 
In this operation, care must be taken not to 


bring the magnetic body too near the needle, for 


fear of changing its polarity. The distance at 
which such an effect will take place is various, 
according to the strength of the magnetic body; 
o that it is impossible to prescribe it; but the 
| operator will never mistake, if he keeps the mag- 


netic body s far from the . as just to a 


: it I genslbly. - 


ExrEnIE ur IV. 


7 obtain the game object as in the preceding experi- 


ment, by other methods. 


— 


If the given body have only two poles, they may 


be ascertained without the magnetic needle, viz. 
by sprinkling some iron filings upon it, and ob- 
serving where the particles of the filings stand 
erect and perpendicular to the surface of the 
5 body; for those places are the poles. And, in 
order to distinguisb the north pole from the 
south, place the said body on a piece of wood, 


and let it swim upon water, or tie it to a thread, 


and let it hang freely from it; in which case, the 


\ body will soon shew its north pole, by turning it 
* he need, and, of: course, the oppogitg : 


K 


\ . 
- 
- 
# © 
79 * 
1 k : — 
Pp 5 2 
ka N 


— 


1 7 
397 

7 Hy 
* 5 
7 

. * 

ah a 

e 

4 15 1 

244. 

* 4» 4 
% 3 
I [ 
A FW 
& ”% 
Y » 
: a 
2 4 
9 
v1 

N N 

5 

1 

4 1% 

N. 
e 
ES 
Wk 3+ 

1 ny 

4 it. 
1 *x 

Df oo 

* * 
«> Tu 
1 et, 
WTz 

) — 
7 

$ 
, 
7 4 

4 

0 * 

© 

ST 

4 * 
7 | 
9 

e 
* 

3 * 

„ 
1 

1 4 
9 

* 
5 

is +. * 
973 bo. 
Mm” 

: 
W 
7 Ko 

4 
1 
h 2 © 
„ 

17 0 

12:4 

n 

12 1 . 
? bo 

Ts LG 

2 

FR : o 

bare 1s 

Whol 

2 

* 1 

x — 

T's J 
6 $".4h 

e 
CS 

+ TY 5 

9 

2 32 

War / F 

4 7. 

Ck . 
NR. 

e 
B44” 

173684 HY 
, - 4 
7 r 

„„ 
1 
3 
7 N *y 

"ey * 

by * £8 
(3 i 

* 4 * 
72 

9 « 

3. 
N 349 
* *% 
. i 

* 

1 4 
+ * a8 
ay * 
* 1 = 

. 45 

* r 
1 

* 
7 77 

3 
Ee. 

os Ba 
4 4 
-$5 5 
1 

A 

* 

i 

$588 
+ * 
* 
4 
* 
1 

* 
> 

* & 
lA 
Ss +5 
op 

47 
” bf 7 
"£28 
* 

* 

P ths >. 

K © 

= 

MAS 

3 
As 

3 

25 
A 
s 

2 
2771 

" 17 

* 8 

A 
5 

4 "© 

21 U 

> 7 

1 
. 

* ne. 

N 

1 " i 

= Ca 

„ 
=. 

. 

5 

1 

1 215 

NW 

WEE 

> - 

$3.6 © 

of o 

- & IE 

: 
Koh 
*. 

„ 

5 
1 
we 

„ 

N. "2, 

1 

1 

F * 

” 5 
=... 

1 — 
1 

1 

* 

x N. 
2 
2 

2 

+... 
44 
„ 

3 Fe 

3 

FOR 

'W 

2 

* 1 
* 

3; 

* 
=_— 
x 

A 

* 15 
* 

HF: 


* 
4 
4 
- 
* 
* 
= 
z 
1 
0 
9 
Lo 
* 
oy 
+ o 
** 
r& 
45 
Pa 
. 
$ * 
Gb 
* 
3 
> 1 
EN 
# 
1 
4 
* 
- 
FA 
1 
Fi 
44, 
22 
14 
15 
2 
K 
* 
of 
IF 
. 
12 
* 
+ 
4.4%; 
fk 
* o 
* 
* 
Pa. 
= 
7 
14 
5 
1 
9 
2 
4 
— 
* 
* 1 
Iz 
e 17% 
8 * 
PR 
* 


9 
; 
} 


—— — 

r 
i, MA en 
X 8 3 © 


r 
OR, * gh 


*. $ 3 
R 
3h. + 5888 „ * we =; 
e . FRE. 
ALE 7 IJ * 43 2 
. > 8 8 * — 


2 3 


9 


r 
Ho > 


3 ener 
Ws * 8 
n *. 


nd 4 _ An. * 
. 


140 PRACTICAL Mens Tieni 


pole will be turned towards the noch In both 
those cases, viz. when the magnetic body is made 
to swim upon water, or suspended by a thread, it 
must be 80 plated as that its 2 ay lie hori- 
zontally. | 
This ben Dover is not so precise, as 
| whats a magnetic needle is used; first, because it 
will not do when the given body has more than 
two poles; and secondly, because, even when 
it has two poles only, they do not lie always in 
the same straight line, which passes . the 
ue of the body. | 


, 2 


CHAPTER III. 


EonTaitntxe EXPERIMENTS CONCERNING THE 
7 mY ION or A MAGNET ON FERRUGINOUS 
BODIES THAT ARE NOT | Ac NETIC. | 

bi. bat. - 

Prorznty mm the 1498 has no action 

upon unmagnetic bodies; for, when a bit of iron, 

or other ſerruginous body, is presented to it, the 
body becomes magnetic first, Ind then is at- 

tracted; 80 that, in this Chapter, it is only meant 
to treat of the action of the maghtet on whe bo- 
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dies, whigh were not magnetic before they were 
progenied to it.. 


8280 


EXTERN Is. 


T, 0 obrerve the effects produced by a magnet on =p 


iron. 


_ a magnetic needle upon a pin stuck on a 
table, and, when the needle stands steady, place 


an iron bar of about eight inches long, and be- 


tween a quarter of an inch and one inch thick, 


upon the table, 80 that one end of it may be on 


one vide of the north pole of the needle, and so 


near it, as to draw it a little way out of its natural 
direction. In this situation, approach gradually 
the north pole of a magnet to the other extremity 
of the bar, and you will see that the needle's north 
end will recede from the bar more and more, in 
proportion as the magnet is brought nearer to the 
bar. If the experiment be repeated, with only 
this difference, vis. that tbe south pole of the 
magnet be directed towards the iron bar, then the 


north end of the needle will advance nearer and 


nearer to the bar, in proportion as the south ex- 
Og of the magnet is brought nearer to the 
mon. | 

The reason of ahis canon] is, that, N the 
approach of the-north pole of the magnet, in the 
first case, the extremity, of the iron bar which lies 


5 | «2 
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next to it acquires a south polarity, and, of course, 
the opposite extremity acquires the north polarity; 
in consequence of which the needle is repelled, 
because magnetic poles of the same name repel 
each other: but, in the second case, when the 
south pole of the magnet is brought near the bar, 
the end of the bar which is next to it acquires the 
north polarity, and the opposite end, acquiring 
the south polarity, attracts the — . end of the 
needle. 
11, whilst the pale of the magnet stands conti- 
guous to one end of the bar, a small magnetie 
needle be presented within a certain distance to 
various parts of the surface of the latter, it will 
be observed, by the attraction and repulsion of tbe 
needle, that that half of the bar which is next to 
the magnet possesses the contrary polarity, and 
the other half the same polarity with the pole of 
the magnet that is applied to the iron. EE 
- The magnetic centre, however, or the limit be- 
tween the polarities, is not always in the middle 
of the bar; it is generally nearer that end which 
is presented to the magnet. This difference is 
greater as the magnet is weaker, and the length 
of the bar increases; but, when the bar exceeds 
a certain length, which depends on the strength 
of the magnet, then the bar acquires several suc- 
cessive poles, viz. when the north pole of the 
magnet is contiguous to one of its extremities, 
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that extreinity becomes a south pole; a few inches 
farther on you will have a north polarity, then 


another south polarity, and 80 on. In this case, 


the first magnetic centre comes very near that 


end of the bar which stands next to the magnet, 
and other magnetic centres are formed between 


every pair of successive poles. 
Those successive poles become weaker and 


weaker in power, according as they recede from 
that end of the bar which is contiguous to the 
magnet; so that, in à pretty extended bar, they 


quite vanish long before they come to the-farther 


end of it; hence, if one pole of a magnet be ap- 
plied to the end of a long bar, the other end of 


the bar will not thereby acquire any magnetism. 
This will happen when a magnet, capable of lift- 
. Ing about two pounds weight of iron, is applied to 
one extremity of an iron bar, about one. inch 
square, and above five feet long. 

On removing the magnet, the bar, if of colt 


tow, will, immediately lose all its magnetism; 
otherwise it will retain it a longer or shorter time, 


in proportion to its hardness. | 
If the above-mentioned experiment be tried 


ak bars of the same dimensions, but of different 
degrees of hardness, it will appear, from the at- 


traction or repulsion of the magnetic needle, that 


'  goft fron acquires a stronger magnetic-power than 
; hard iron, or steel, &c. 
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DExPERIMENT. II. 


Tb chew the action of the magnet on ferruginous 
bodies, by the repuleion and attraction of two 
pieces of wire. | | 


Tie two pieces of soft iron wire, AB, AB, 
fig. 1 of plate II, each to a separate thread, A C, 
Ac), which join at top, and, forming them into a 
loop, suspend- them, by putting the loop on a 
pin, so that the wires, AB, AB, may hang at 
some distance from the wall. Then bring the 
marked end, D, of a magnetic bar, which is usu- 
ally the north pole, just under them, and it will 
be found that the wires will immediately repel 
each other, as shewn in fig. 2; and this diver- 
gency will be greater when the magnet is brought 
' nearer within a certain limit, and will decrease 
according as the magnet is removed. The reason 
of this phenomenon is very easily deduced from 
the general laws of magnetisn, wiz. by the vici- 
nity of the north pole D of the magnet, the ex- 
tremities B, B, of the wires acquire the south 
polarity, consequently they repel each other; and 
the extremities A, A, both acquire the same po- 
larity, namely the north, henoe they likewise re- 
pel each other. 
| IF, instead of the north pole of the magnet, the 
south pole be * the wires * repel each 
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other in the same manner as' before; but now 
their extremities B, B, will become north poles, 

and the extgemities A, A, will become 18 
poles. | * ; 

On removing the . the wires, if of soft 
iron, will soon collapse, having lost all the mag- 
netic power; but, if steel wires or common sewing 

needles be used, they will continue to repel each 
other after the removal of the magnet, the mag- 
netic power being retained by steel. 

It has been said before, that, when the magnet 
is brought nearer and nearer to the wires, the 
divergeney of the latter will increase as far as a 
certain limit. The reason of this limit is the at- 

traction between the magnet and the extremities 
of the wires, which, when the magnet comes too 
near, counteracts the repulsion between the ex- 
tremities B, B; so that the wires in that case stand 
as shewn in fig. 3. In fact, when the experiment 

zs tried with steel wires or needles, which retain 

the communicated magnetism after the removal 

ol the magnet, their lower extremities will diverge 
more after having removed the magnet than when 

they Stand voy near it. 


* 
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ExeERIMENT III. 

To shew the action of the magnet pa ferruginous 
Hodlies, by ; means of four N of Steel Wire or 
Sewing needles. 


Take four pieces of steel wire, or four common 
sewing needles, tie threads to them, and join them 
two by two, in the manner described in the pre- 
ceding experiment; then bring the same pole of 
the magnet under both pairs, viz. one after the 
other; by which means they will acquire a per- 
manent magnetism, and the wires of each pair 
will repel each other. Aſter putting the magnet 
aside, if you bring one pair of wires near the other 
pair, so that their lower extremities may be all in 
one level, the four wires will repel each other, 
forming a square, because their lowest extremitics : 
are all possessed of the same polarity. 
I!, instead of giving the same polarity to all the 
lower extremities, and the contrary polarity to all 
the upper extremities, you give one polarity to the 
lower extremities of one pair, and the contrary 
polarity to the lower extremities of the other pair; 
then, whilst those pairs are kept far from each | 
other, the wires of each will fly away from one 
another; but, if the two pairs be brought near, 
all the four wires will stick together in one bundle; 
the n of which is, n the contrary pola- 


, 


a 
. 2 


EY 


rities of both pairs, being put near, will attract 
each other, and destroy the repulsion between the 


wires of the single pairs. 
Instead of two, you may make several pairs of 


|. wires or needles; and, by giving one sort of pola- 


rity to the lower extremities of some, and the 
-- contrary polarity to the lower extremities of 


others, you may produce effects analogous to 
those described above. 


- 


Exe ERIMENT V. 
OY the action of the magnet on iron filings. 


| Btrew some iron filings upon a sheet of paper 
nie upon a table, and place a small artificial 


magnet among them; then give a few gentle 2 
Eknocks to the table with your hand, so as to shake 
a little the filings, and you will find that they 
dlisposs themselves round the magnetic bar, in the 


4 manner represented by fig. 4, plate II; many 


; 
Irs 
* * 
. 


Ke clinging to one another, and forming 


themselves into lines, which, at the very poles, 
are in the same direction with the axis of the 


magnet, a little sidewise of the poles they begin 


to bend, and then they form complete arches, 
reaching from a point in the north half of the 
magnet to a point in the other half, which 1 is pos- 
cessed of the south polari ty. | 


*% 
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This phenomenon, observed from time imme- 
morial, has given occasion to various persons to 
believe, that there is a circulation of a fluid 
from one of the poles of every magnet to the other 


pole, in consequence of which the iron or steel 


filings are thus disposed round the magnet. At 
first sight, a person little skilled in magnetics 


would easily be induced to believe the said circu- 


lation of a fluid; but a little consideration will 
easily shew the absurdity of the supposition, be- 
cause if the fluid, of whatever nature it may be, 
did really wet from one pole to the other, 
and had any action on the filings, these would be 
all driven toward that pole to which the moving 
fluid directed its course. : 

The true cause of the disposition of the fins 


is, their becoming actually magnetic, and their 


two extremities being possessed of different pola- 


rities. Suppose, first, that only one oblong par- 
 tiele of iron be affixed to the various parts.of the 


surface of the magnet; it is evident, from what 


has been said above, that on the poles this parti- 


| cle of iron, A B, fig. 5, plate II, would stand per- 
pendicular to the surface, because its farther ex- 


tremity B, having the same polarity as the extre- R | 


mity C of the magnet, is equally repelled by it on 


every side, and is far from the influence of the 


other extremity D; on the sides near to the poles 
| the said particle op * inclined, because the 


- 
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 farthest pole of the magnet begins now to act 
upon it; and on the middle of the magnet the 
- . wire will lie quite close to it, or, if it be kept at 
Some distance, will lie parallel to the magnet, be- 
cause the two poles of the magnet, being equidis- 
tant from the extremities of the iron particle, have 
an equal action upon it. Now, when there are 
many particles of iron, vix. the filings, near the 
magnet, those particles which touch its surface are 
rendered magnetic, consequently they attract other 
particles, and these being made also magnetic, 
attract others, and so on; forming strings of small 
magnets, which gradually decrease in power as 
they recede from the magnet. As each of those 
particles has two magnetic poles, by a little con- 
' gideration it will appear, that the farthest ends of 
- thoxe strin gs or lines which proceed from the parts 
5 adjacent to one of the poles of the magnet, for 
instance, the north, are likewise possessed of the 
north polarity, and the farthest extremities of those 
| Stings which proceed from the parts adjacent to 
the south pole of the magnet, are possessed of the 
south polarity; hence, when they come suffici- 
ently near, they attract the extremities of the for- 
mer strings, gs, and consequently form the curves 
delineated on the figure. 
The shaking of the table in this experiment 
 gerves to stir the filings, by making them j jump up 
A little — and thus place — in che 
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proper situation; Bede che action of the 
magnet will not have power sufficient to dispose 
properly those particles which stand at a consi. 
; gerable distance. | f : 


EXPERIMENT V. 
To shew the action of the magnet on iron, by means 


of a suspended body. 


Tie a thread to one end of a bit of soft iron 
wire, A B, fig. 0, plate II, about four inches long, 
and suspend it freely; place a stand of any sort in 
such a manner as to support a bar of soft iron CD, 
so as to let one of its extremities C be about three 
quarters of an inch distant from the lower extre- 
mity B of the wire. This done, if you bring 
either pole of a strong magnet E F under it, you 
will find that the end B of the wire A B will recede 
from the end C of the iron bar, because they are 
both possessed of the same polarity; but if the 
magnet be applied to the upper'part of the wire, in 
the situation G H, then the end B of the wire 
will be attracted by the extremity. C of the iron 
bar; because, supposing G to be the north pole of 
the magnet, C being the extremity of the bar CD, 
that stands nearest to the north pole G, acquires 
a south polarity, and attracts the end B of the 
wire; because B being the part of the wire which 
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stands remotest from the north pole G, acquires 
the same, namely, the north polarity. 
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ExrRRIMENT VI. 
To shew the effect of magnets on a crooked wire. 


Let an iron wire of about a quarter of an inch 
in diameter, and four or five inches long, be bent 
somewhat like a gothic arch, viz. with a sharp 
corner in the middle, ABC, fig. 7, of plate II, 
and tie it fast to a cross bar, or let an assistant 
hold it with the corner downwards; then apply 
either pole of the magnet D E to one of its extre- 
mities A, and whilst the magnet remains in that 
situation, apply a piece of iron H, of no great size, 
to the corner C, and you will find that the iron 
remains suspended. Now, if another magnet be 
applied to the other extremity B of the crooked 
wire, so that the pole G may be contrary to the 
pole E, the iron H will immediately fall off; but 
if the pole G be analogous to the pole E, viz. be 
both south, or both north, then the iron H not 


only will remain adhering to C, but the said cor- . 


ner will be capable of supporting a weight still 
greater than H. The reason of which is, that 
in the former case, the extremities A, B, of the 
bent wire being possessed of different polarities, 
the corner C was the magnetic centre, where 
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hats 1s no attraction nor repulsion ; whereas in 
the second case, both extremities of the bent wire 
being possessed of the same polarity, the corner 
C was necessitated to acquire the contrary pola- 
rity; and in this case, the bent wire must have 
two magnetic centres, vix one on each side. 


"=; > E 


Exexahennr VII. 


| n in ; what circumstances a magnet can « ift the 
k ; greatest weight. 
Take a magnetic bar, and find by trial an ob- 
long piece of iron, about four inches long, and of 
a weight little greater than the magnet will sup- 
port. It is plain, that if you affix this iron to one 
pole of the magnet, the moment you remove your 
| hand the iron will drop; but if, before you remove 
| the hand, you present another larger piece of 
ron just under the lower extremity of the former, 
and within half or three quarters of an inch from 
it, you will find that the magnet will then support 
that piece of iron which it could not support be- 
fore, when a secondary piece of iron was not un- 
der it. In short, a magnet can lift a greater weight 
of iron from over another piece of iron, as an 
anvil, or the like, than from over a table. 
The reason of which property is, that in the 
former case, the iron basis, - or inferior piece of 
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iron, becoming itself in some measure magnetic, 
helps to increase the magnetism of the first piece 
of iron, and consequently tends to increase the 

attraction between it and the magnet; which does 
not take place when the iron is lifted from over a 
table, or something else which is incapable of 
acquiring any magnetism. 
In order to render this property more intellt- 


gible, suppose that a piece of iron be affixed to 


the north pole of a magnet; it is plain, that by 
the action of the magnet the part of it that stands 
next to the magnet has acquired a south polarity, 
and its other, or inferior extremity, has acquired 

a north polarity, the attraction being a conse- 

| quence of this acquired magnetism, and being 
greater or smaller in proportion as that acquired 
magnetism is more or less powerful; consequently, 

whatever tends to increase that magnetism in the 
piece of iron, must like wise increase the attraction. 

| Now, when another piece of iron is under the for- 
mer, that other piece of iron, being within the 
. of action of the magnetic bar, becomes 

magnetic, and the part of it which. is contiguous 


to the north pole of the magnet acquires the gouthy | 


polarity; but this is contiguous to the lower end, 
which is the north pole, of the first piece of iron, 
therefore it must increase that north polarity, and, 


of course, the south polarity of the upper end of 
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the first piece of i iron, which stands next to the 
magnet. 0 

In fact, if, instead of the W piece of 
iron, you put the south pole of another magnet at 
a little distance below the lower extremity of the 
auspended i iron, you will produce the same effect, 
-viz. will increase the attraction between it and 
the north pole of the first magnet; but, if you 
present the north pole of the second magnet under 
it, then you will produce the contrary effect, viz. 
will weaken its magnetic power, and, of course, 
n the attraction. 


e EXPERIMENT VIII. 


5 To How the variable power of a magnet ty ouspend. : 
ng iron to it. 
Suspend a magnet, in a place that is not much 
shook, and apply to it as much weight of iron as 
it will just support.“ Let a hook or a scale, like 
those used for a balance, be fastened to this iron. 
On the day following, you may put a little more 
veight into the scale, which the magnet will sup- 
85 3 t 


* For this purpose, the magnet, either natural or artificial, 
ought to be armed, or made in the shape of a horse- shoe, viz. 
230 as to have the poles in one Fe; in this form the effect being 

more 8 
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port. One or two days afier; a little more weight 
may be added; and so on; the power of the mag- 
net increasing daily: and, though this increases of 
power is neither unlimited nor very regular, being 
affected in some measure by the vieissitudes of 
heat and cold, &c.; yet, upon the whole, the 
power of a magnet will be considerably increased 
- by this artifice. E 
It is very remarkable, that if, in the course of 
the operation, the iron were to drop from the | 
magnet, on replacing it, you will find that the 
magnet will no longer support as much weight as 
it did a moment before, so that now you must 
diminish the weight, though in the course of the 
15 following days you may increase it gradually again; 
bence, in placing the weights into the scale, or 
upon the hook, care must be taken not to give it 
| any Jerk, SO as to cause the iron to fall off; other- 
wise a great deal of the work will be lost. 
The reason of this experiment is, that the iron 
being rendered magnetic, tends to strengthen the 
magnetism of the magnet, in the same,wanner as 
any other magnet endeavours to render magnetic 
any ferruginous substance that is placed within-its : 
sphere of action. When the iron falls off, tze 
magnet loses part of the acquired power, especi- 
a if the magnet had acquired more than its. 
point of saturation, there having been removed 
_ the cause which kept it up; and when the iron is 
e L 
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replaced, the magnet will not recover the lost 
power very readily, because there is required a 
cotfderable time to communicate a certain de- 
gree of magnetic power to a hard ferruginous sub- 
stance, as the magnet is, especially when that 
magnetism must be communicated by the action 
of a proportionably weak e like the iron 
f N Pen 

According to 8 8 le of the mag- 
netic fluid, this experiment is explained thus: 
The magnetic fluid in a magnet is not equally 
dispersed through its substance; but one pole, or 
half of it, is overcharged, and the other under- 
charged. There is a strong attraction between 
the undercharged part and the superfluous quan- 
tity of magnetic fluid in the overcharged part, and 
the restoration of the balance is in great measure 
prevented by the hardness or some other quality 
of the magnet. Now, when the iron is affixed to 
the magnet, it becomes magnetic, vis. that part 
of it which is contiguous to the overcharged pole 
of the magnet, becomes undercharged, and the 
opposite one becomes overcharged. In this situ- 
ation, the undercharged part of the iron, endea- 

vouring to draw the magnetie fluid of the magnet 
towards itself, accumulates or draws it still nearer 
to that overcharged pole of the magnet; and, on. 
the other side, the overcharged part of the iron 
an er to the r of the 
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magnet, tends: continually to drive the magnetic 
fluid away from that undercharged pole of the 
magnet; bat the power of the magnet, according 
to the hypothesis, depends on the unequal distri- 
bution of the magnetic fluid, therefore the action 
of the iron, by endeavouring continually to in- 
. erease that unequal distribution, must increase the 
power of the magnet. | | 
It follows from this experiment, that a megnet 


: is apt to lose much of its power when kept without 


any iron affixed to it. 


ExPERIMENT IX. 


To chew the various effects produced by a magnet on 


22 Sorts of ferruginous ON 


4 


72 Let several bars be nk; of different sorts of 
iron and steel, but all of the same dimensions, vix. 
about five inches long and half an inch thickꝶ then 
| examine them, one by one, in the following man- 
ner: place a magnetic needle so that one pole of 


Wi may be about an inch distant from one end of 
the bar of iron or steel, but the needle and bat 


must not be in one direction; then apply one pole 


of a magnet to the other extremity of the bar; by 
* the application of which, the needle will be moved 


from the situation in which it stood before, Thus 
| [pong the operation with all the different bars, 
e l of L 2 
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it will be found that the needle is affected most 
when the bar is of soft iron, and least, when it is 
of hard steel, or of the brittle sort of cast iron; the 
other ferruginous substances affecting the needle 
in some intermediate degree between those two 
extremes. 

Tn experiment plainly shews, that the magnet 
has more action upon soft iron than ö on any other 
state of that metal; soft iron acquiring the greatest 
degree of magnetic power, and consequently dis- 

turbing the needle most. Hence it appears why 
a magnet attracts soft iron more powerfully than 
any other ſerruginous substance, viz. because soft 
iron becomes more powerfully magnetic when 

— acted on by the magnet. | 

In this experiment it will also be 8 that 
those bars which become. least magnetic, and of 
course affect the needle least, after the removal of 
the magnet will retain some magnetism, whereas 
the set iron will lose it immediately; which evi- 
dently shews, that the difficulty. of acquiring 
magnetism, and of retaining it when once ac- 
_ gvired, is owing to the same cause, namely, the | 
 6bstruction offered by the ferruginous substance 
to the free passage of the magnetic fluid, or of 
that power which produces the Foe om Y 
: _ EO. W | 


5 a 5 


PRACTICAL MAGNETISM. | | 105 


CHAPTER In. 


* 


A 


ExPERIMENT I. ; 


To Shew the action of a magnet on a magnetic 
„% ori 20000 win. 1 


Taxx a soft steel wire, like A B, fig. 8 of plate II, 
about five inches long, and a quarter of an inch 
thick, and give it some magnetism, by placing it, . 
between two magnetic bars for a minute or two. 
This done, find its magnetic centre C, according 
do the experiment described in the second Chap- 
ter; then lay it upon a table, and put a magnetic 
bar, DE, near it, so that their north poles may be 
towards. each other. In this situation, if you ex- 


_ "needle, you will find that the action of the mag- 
net DC has removed the magnetic centre C far- 
ther from the end B; and the nearer the magnet 

is approached to B, the nearer will the magnetic 


> 9 5 / 


7 


OF THE ACTION OF MAGNETS ON EACH. OTHER. - 


5 amine - the wire AB, by means of the magnetic . | 


centre C come to the extremity A. At last, the 
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end B of the steel wire will become a south pole, 
the north pole will be removed towards C, and 
another magnetio centre will arise between those 
two poles. In this experiment, a great deal of 
variety is occasioned by the various strength of 
the magnet, the length and softness of the steel 
bar, and the distance between the one and the 
other. 2 A 
1. If the steel i be very long, it will acquire 
several successive poles, and the original magnetic 
centre C will not come proportionably so near the 
extremity A, as when the wire is shorter. 
2. If the wire AB be very short, by the ap- 
fen of the magnet, its poles will be re- 
versed, so that B, which was the north pole, will 
now become south, and the nene A will be- 
come the north pole. e 
3. If the power of the magnet DE be 80 weak, 5 
as to come nearly to an equality with the mag- 
netie power of the wire AB, then they will have 
an equal power upon each other; and the conse- 
quence will be, that the north poles of both will 
be a little removed from the extremities B and D; 
provided the e of _ ws he: is Squally 
soft. . 
4. By a gradual approicmtion f the strong 
magnet DE, to the steel wire AB, the extremity 
B of the latter will have its polarity first dimi- 
; nished, then annihilated, and lastly reverscd. 


\ 
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From an attentive consideration of the above- 
mentioned eulen, it will appear, that, before 


the pole B is changed, the two magnets must exert 
a repulsion against each other; that when the 
polarity of B is annihilated, the two magnets can 
neither attract nor repel each other; and lastly, 


% 


that when the extremity B has acquired a south 


polarity, the two magnets must attract each other, 
In Case 3, the two magnets can have little or 


no power on each other; so that no attraction nor 


tepulsion will take place Nen them. 


ExPERIMENT II. 


Tb chew the action of both magnetic poles of 00 
magnets on each other. 


> 
. en 
? 


What has been said i in the preceding experi- 


ment, with respect to one magnetic pole, will 
now be easily applied to explain the action of both 


poles of one magnet, on the analogous poles of 
another magnet. 


enn n e e 


- gemicircular magnets, and let their poles of the 
same name be approached towards each other; 
A, C, being north poles, and B, D, south poles. 
The consequence of this approximation will be 

various, according to the various strengths of the 
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magnets, and the distance between them. Thus, 
if they be unequal in power, on their being gra- 
dually brought near to each other, t ®e poles of 
the weak one must be gradually weakened, in 
which case, a repulsion is exerted between the 
| magnets: then they are annihilated; in which 
case, no attraction nor repulsion will take place: 
and, lastly, they will be changed, and then 15 
two magnets will attract each other. 

If the magnets be equal in power, and of a very 
hard nature, they will always repel each other, 
because the poles of neither of them are destroyed 
or reversed; but, if equal in power, and of a softer 
nature, then, when brought sufficiently near, will 
destroy each other's polarity, and, of course, no 
attraction nor repulsion will take place. - 

In this experiment, the magnetic centres, E 
and F, will not be removed from their places, the 
action of the two poles being equal on both sides; 
80 that the only thing that can happen, is the ge- 
neration of more magnetic centres, and, of course, 
of more magnetic poles, the number of which de- 
pends on the length, OY and power * the 
magnets. 


4 
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EXPERIMENT III. 


* Shew the action between the contrary poles of 
FG A 


In the two preceding experiments, the homo- 
logous poles of the magnets were opposed to each 
other; but, if they be repeated, by presenting the 
south poles to the north poles, the phenomena will 
be as follows, vi. : ; f 

The magnetic poles of each maghet will be 
strengthened, the nearer they are approached to 
each other; the attraction will increase in the same 
proportion, and it can never be changed into re- 
 pulsion. But, as the degree of attraetion depends 


on the strength of the contrary poles, every thing 


else remaining. the same; and as the increase of 


another magnet, principally depends upon the 
softness of one of the magnets, it follows, that, in 


attracted more powerfully than a stronger one. 
In order to render this kind of paradox very 

evident, let two small magnetic bars be made, 

exactly of the same dimensions, but let one be 


| made of the hardest, and the other of the softest 
steel. Let the latter have a very weak magnetio 
power, but the former a greater power. This 


done, if you. apply those magyets singly and alter- 


FOE 


the polarity of one magnet from the action of 


certain circumstances, a weaker magnet may be 
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nately to a third magnet, considerably more pow- 
erful than either of them, you will find, that the 
weak magnet, viz. that of soft steel, will be at- 
tracted more powerfully than the other; the rea- 
son of which is, that the soft steel magnet will 
have its poles rendered considerably stronger by 
the vicinity of the third magnet, and that on ac- 
count of its softness, though, for the very same 
reason, its power, will be soon diminished when 
removed from the sphere of action; whereas the 
magnet of hard steel, though its poles be increased 
a little by the action of the third magnet, yet, on 
account of its hardness, they will not be increased 
to such a degree as those of the soft steel one. 

It appears, therefore, from this and the two 
preceding experiments, that when two magnets 
are approached near each other, they may repel, 
attract, or not act at all on one another, according 
to the various enumerated circumstances; that 
| the repulsion at a distance may be changed into 
. attraction, by bringing the magnets nearer; that 
the attraction taking place when the magnets are 
within a certain distance of each other, may be 
changed into repulsion by inereasing that dis- 


tance;“ and that a weaker e in certain 


* Fhus wo two mt 1 pretty Jong. but not very 
$ hard, and of different powers, are placed in the same direction, 


D Re with the north pole of one contiguous to the north pole of the. 


other, the weak OY have its north 2288 — into a 
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cases, may be attracted with greater force than a 
. anger one; this law remaining certain and un- 
altered in any case, viz. that the poles of the same 
name repel, and those of a different name attract, 
each other; so that, when an attraction takes place 
between those parts of ferruginous substances, 
which were before possessed of the same polarity, | 
it may be concluded, that the polarity of one 828 
wen has been actually ee 0 
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=. EXPERIMENT IV. 


75 prove the reality of the repuilivin between mag- 
„„ me 8 of the same name. |; 


% If D, , fig. 12, plate I, be BEI pole of a 
magnetie needle, and the. north pole of another 
magnet be presented to it sidewise, a repulsion 
will take place. Now, it has been said, that this 

repulsion is not real, but apparent, vis. that the 
pole D recedes from the north pole of the magnet, 
because the latter attracts the South pole A of the 
needle; 80 that the part A being attracted, the 
opposite part D must necessarily recede, To ob- 


1 


south pole for a short way, in consequence of which an attrac- 
tion will take place; but, when the magnets are removed farther 
off, then the original south extremity of the weak bar will re- 
store the north polarity of the opposite extremity, and conse- 
Ms a repulsion will engue, . 


a PRACTICAL MAGNETISM. 


viate this-objection, let a needle be formed half of 


steel and half of any other metal, viz. of brass 


from A to C, and of steel from C to D; then mag- 
netize the steel part; and it 1s evident that the 
two poles of this piece of steel must both be on 
the same side of the point of suspension, vix. if 


D be the north, C must be the south pole of it. 
Now, in this case it is evident, that if the above- 
mentioned objection were true, no repulsion could 
take place between the end D, and the similar 

pole of another magnet; but, upon trial, it will be 
"found, that the repulsion takes place with * as 
well as s with a a comman needle, | 


ExPERIMENT 5 


To increase or — the attraction between a 
magnet and a piece of iron, by the action of ano- 
ther magnet equal in power to the former. 


Place a magnetic bar, A B, fig. 10 of plate II, 
so that one of its poles may project a short way 
beyond the table, and apply an iron weight, C, to 
it; then take another magnetic bar, DE, like the 
former; and bring it parallel to, and just over the 


' other, with the contrary poles towards each other; 


in consequence of whichy the attraction of B will 
be diminished, so that the iron C, if very heavy, 
will drop off, and the mages can only * * 
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smaller piece of iron. In short, this attraction will 

diminished, and, when the magnets come quite 
into contact, provided they be of an equal power, 
the attraction will entirely vanish; but, if the ex- 
periment be repeated, and the homologous poles, 
of the magnets be approached to each other, ther 
the attraction, instead of being diminished, will be 
increased. 

As the attraction between the iron and the 
| magnet is owing to the iron acquiring a different 
polarity, it follows, that whatever contributes to 
increase that different polarity, increases likewise 
the attraction; and, on the contrary, whatever 
diminishes or destroys that different polarity in 


the iron, must likewise diminish or destroy the 


attraction. Therefore, when the extremities E 
and B of the magnets are both north poles, or 
both south poles, that part of the iron which is 
next to B becomes more and more strongly pos- 

sessed of the contrary polarity, the more the mag- 
nets are approached; but when B and E are poles - 
of different name, they will prevent the iron ac- 
quiring any polarity, because, if the action of one 
. tends. to communicate to it a north polarity, the 
action of the other will endeayour to coumuni- 
cate, a South polarity. to the saine * of 
the. Iron. 
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8 ExERINMENT VI. 


' To increase or diminisſi the attraction between 4 
magnet and a piece of iron, by the action of ano- 
| ther more or less powerful magnet. 


If the preceding experiment be 8 with 
magnets of unequal power, for instance, the mag- 
net DE be much more powerful; on approaching 
the two magnets to each other, it will be found, 
that the greatest degree of attraction, when the 
contrary poles are towards each other, and the 
entire destruction of the attraction, when the ho- 
mologous poles are towards each other, will take 
place before the magnets come into contact; the 
reason of which the ingenious reader may easily | 
understand, after what has been said before. 


\ 


Exrr ERIMENT vn. 


'To chew the generation of the ks, and of the mag- 
netic rer, in the parts of a broken magnet. 


Take a magnetic bar, A B, fig. 11 of plate II, 
of very hard steel, and having only two poles, A 
and B—A magnetic bar about six or eight inches 
long, and about a quarter of an inch i in diameter, 
answers very well for. this expcriment. The mag- 
netic centre of this bar will be in the middle, C, 
or very little distant from that point. Now if, 1555 


fracture F, but in time it advances nearer to the 
middle of the fragment. The original centre, C, 
of the other piece A F, after the fracture will like- 
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| | 2 ; 6 
a smart stroke of a hammer, you break off F B, 


| about one third part of the magnet; it might be 
expected the part F B, which before the fracture 
Was all possessed of one polarity, for instance, the 
north, would now continue so; but, upon exami- 


nation it will be found, that that part of the frag- 
ment, which was contiguous to the fracture, has 


acquired the contrary polarity, namely, the south; 
and a magnetic centre E will be generated. 


It has been observed, that the magnetic centre 
of this fragment, at first, is always nearer to the 


wise advance nearer to the middle of it. 


_ 


_ poles and a magnetic centre, dc. 


This experiment may be diversified in the fol- 


lowing manner: a steel bar, of about six inches 
long and a quarter of an inch thick, being made 
quite hard, may be broke in two unequal parts; 
these parts may be joined together, and pressed 
5 against each other, so as to make them look as if 
the bar had not been broke; in thjs situation, it 
may be rendered magnetic by the application of 
very powerful magnets to its extremities; after 


which, on examination, the whole bar will be 


found to have two poles on its extremities, and 


one magnetic centre in the middle; but if the 
parts be separated, each will be found to have two 


* 


5 


„ 


* 


Y 


— 


176 PRACTICAL MAGNETISM. 


What has been here zaid of artificial ance, 
has been found true with natural magnets also, 


and with magnets having more than two-poles; in 


Short, if a magnet be broke 'in several pieces, 
every fragment is a complete magnet, having at 
least two poles and one magnetic centre; nor was 
a piece of a magnet ever produced which had 
* one 3 | 


. 


ExyzRIMENT VII. 


O removing the magnetic centre in a magnet. 


The same means, which facilitate the transition 
of the magnetic power from one part to the other 
of a ferruginous body, have likewise the power of 


removing the magnetic centre in magnets which 
have it not in their middle, and to make it ap- 


proach nearer to that point; hence, this may be 


effected. various ways, vis. by striking a magnetic 


bar repeatedly, by heating it, by hard rubbing, &c. 


but it must be considered, that those very means 


generally tend to weaken the magnetism of the 
magnet; therefore they ought not to be applied 


beyond what may be necessary to produce a sen- 
sible removal of the magnetic centre from its 
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CHAPTER V. 


| or COMMUNICATED MAGNETISM, OR OP THE | 
VARIOUS METHODS OF MAKING ARTIFICIAL ' 
MAGNETS, | | | | 
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To make a piece of iron acquire the magnetism from | 
| the Earth, 


1 


Taxx a bar of soft iron, about two or three feet 
long, and between half and two inches thick (some 
kitchen pokers are very fit for this experiment) 
and place it straight up.“ Then place a magne- a 
tie needle on a pin, and, holding the pin in your 


V In a proper manner of making the experiment, the iron bar 
| . ought to be placed in the magnetical line, viz. in the direction 
of the dipping needle; but as few persons are furnished with a 
dipping needle, and many may be desirous of performing this 
curious experiment, it will be sufficient for these persons to 
place the bar straight up, when they are in higher latitude than 
40 degrees north or south, but to place it horizontally when they 
5 8. nearer to the equator than the nen re of 


e 
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hand, present the needle to the yarious parts of 


the bar from top to bottom, and you will find, 


that in this island the lower half of the bar is pos- 
sessed of the north polarity, capable of repelling 


the north and of attracting the south pole of the 
needle, and the upper half is possessed of the south 
polarity, capable of repelling the south and of at- 
tracting the north pole of the needle. The attrac- 
tion is strongest at the very extremities of the bar, 


it diminishes as it recedes from them, and vanishes 
about its middle, where no one pole of the nee- 
dle is attracted in preference to the other. In 


Short, in that situation, the iron bar i is as much a 
magnet as any piece of iron that stands within the 
influence of a magnet. | 
If you turn the bar top-side down, the extremity 


| of it, which was south pole when it stood upper- 


most, will now become north pole, and the _ 
Prey will become south pole. 
Is che southern parts of the world, he hover 
part of the bar is a south pole; or, to be more 


. explicit, when in any part of the world the bar is 


situated in the magnetic line, the extremities of 
the bar will acquire the tte e g to 
the nearest i: poles Ae earth. . 


Q RY 


| . eee 
, abort, it will even attract small Nee of iron, e ke. 
ue are * near its a. Rok 


0 g 
* 


— 


P PRACTICAL MAGNETISM. 179 


EXPERIMENT Il. 
- 


7 fix i in an iron ide the magnetism which is commu- 
micated to it by the Earth. 


The very _ iron . the greatest degree 
of magnetic power in the. shortest time, but loses 
it with the same quickness; so that, if the pre- 

- ceding experiment be performed with a bar of that 
sort of iron, the magnetism communicated to it 
by the earth will not be permanent; but if it be 
made red-hot, and be left to cool in the magnetic 
line, or if it be repeatedly struck with a hammer, 
 whilst standing in the magnetic line, it will there- 
by acquire a small degree of permanent magne- 
| tigm; which power, however, either by leaving 
the bar for some time in an improper situation, or 
by inverting and striking 1 it * will de soon 
destroyed. | 
When the i iron is comewhat harder, the —_ 
magnetism lasts much longer; though a longer 
ö time, or longer operation, be required i in order to 
tender it magnetic. a 
As the constant action of a weak magnet on a 
ſerruginous body continually tends to inerease the 
magnetism of that body, so the iron bars 1 which 
are left in the direction of the magnetic line 
bor a considerable time, become e more 
8 | * 2 | 
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strongly magnetic, and the viel power be- 
comes more permanent. 

The reason why iron, by long standing, by 
hammering, &c. acquires a permanent magnetism 


from the earth, whereas by the mere position, in 


a short time, the power is not at all permanent, 
seems to be the unequal texture of the iron: sup- 
pose, ſor instance, that a piece of iron is composed 
of hard and soft particles, or of some, through 
which the magnetic power moves very easily, and 
others, through which it moves very slowly. The 
former then of those particles acquire the magne- 
tism at first from the earth, and lose it very easily; 
but by continuing in the same position, or by 

being softened, &c. the hard particles gradually 
acquire magnetism from the former, and, having 
once acquired it, retain that power for a long time. 
It is, besides, very probable, and in certain cir- 
cumstances actually proved, that some sort of iron 
becomes harder by being kept long 22 85 to the | 
atmosphere. 


e III. 
To communicate a permanent magnelism 10 4 ferrn- 
' ginous body, by means of gn iron bar, whils! this is 
rendered Nan by the Earth. 


| The cimplest method of dion this effect i oh 
described in the Philosophical Transactions, by 


— 
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Mr. Arnold Marcel;* part of whose paper I think 
it not improper to transcribe in this place, it 
being the first method of the kind that I find 
published. . 
In the year 1726, . says * " 4 seve- 
ral further observations about the magnetical force 
which I found in great pieces of iron, I made use 
of a large iron vice, about 90 Ib. weight, in which 
I fixed a small anvil of about 12 lb. Upon the 
bright surface of this anvil I laid the steel, to 


which I would give the virtue, in a position of 


| north and south, which happened to be in a dia- 
gonal of the square surface of the anvil; then 
I took a piece of iron, one inch square, and 


3s inches long, of about 8 Ib. weight, having at 


one end the figure here represented (fig. 12, 
plate II) brightly polished at A, and taper at the 
other end. Then I held fast down the piece of 
steel upon the anvil with one hand, and with the 

other I held the iron bar aforesaid perpendicular, 
with its point A upon the steel, and, pressing 
hard, I rubbed the steel with the iron bar towards 


%. 


me, from north to south, several strokes, always 
 Fearrying the bar far enough round about, to begin 


again at the north, to prevent the drawing back of 
the magnetical force. Having thus given ten or 
twelve strokes, I turned the steel upside down, 


He Martyn's Abridgment, vol. vi. part ii, p. 278. 
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leaving it in the same position as to north and 
south, and, after rubbing it and turning it, till I 
rubbed it about 400 times, it received by degrees 
more and more strength, and at last had as much, 
as if it had been touched by a strong load-stone. 
The place where I began to rab, was always 
that which pointed to the north when the needle 
was hung, the end where I had ended the stroke 
turning to the south. Sometimes it has happened, 
that in a few strokes I gave the steel its virtue; 
nay, even in the very first stroke, one may give a 
great deal to a small needle. This way I have 


passes, made of one piece of steel, so strongly, that 
one of the poles would take up three quarters, and 
the other a whole ounce of iron. Although these 
needles: were anointed with linseed oil, which 
made a hard coat, to keep them from rusting, yet 
they kept the virtue; but, in strengthening these 
sort of needles, I rubbed by turns first to the night 
and then to the left side.. 

The same way I brought the virtue blcks the 
point of a knife, so that it would sustain 14 ounce.” 

I brought the said virtue into four small 2 
pieces of steel, each one inch long, and * inch 
broad, as thin as the spring of a watch. Tbese 
ſour pieces J joined together, as into an artificial 
load- stone, weighing 18 grains Troy, and then it 
; did draw up and sustain an iron nail, 8 
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ks 144 grains Troy. ' This artificial load 


: stone has now these six years been tumbled about, 
and been lying amoug iron and steel, and in any 


position, and yet it has rather ” more, than n 


eee es im 
The magnetical virtue being 4 . 


into iron or steel, I have farther observed, that 
that end where the stroke was begun, would draw 
t the north, and where the stroke ended, to the 

x piece of steel, and rubbed it from one end to the 


dle, and found it had two north poles, one at each 


Further, beginning to rub from the mildls 


| bs 4 north nol 
5 A very easy way of giving agua to a small 
"ah piece of soft steel, is the following: Take two po- 
Kkers of soft iron, or two iron bars, of about an inch 


Tuben let the piece of steel CB be either fastened 
to the edge of a table, or be held by an assistant; 
55 and, e the le nn of the bar 80 B, 


: south, in whatever situation the steel had been 
laid upon the anvil to give it the virtue. I took 


5 middle, and then from the other end to the mid- 
end, and the middle a south pole,” „ 15 


— each end of another pixce t of steel, I found 
it to have at each end a south pole, and in the 
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 Kquare and more than three feet in length, keep 
them in the magnetical line, or if in this island, 
- perpendicularly, as shewn in fig. 13 of plate II. 
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and the upper extremity of the bar C D, both on 
the same side, and in the middle of the steel, 
stroke the steel from the middle towards its extre- 
mities, moving the end of the bar C D from the 
middle of the piece of steel towards its end C, at 
the same time that the end of the bar A B is mov- 
ing from the middle of the piece of steel to its 
; ather extremity. B; and when the bars are arrived 
to the said extremities, remove them from the 
steel, and apply them again to the middle, and so 
on; thus stroking the piece of steel about 40 or 
50 times on every side, will give it a considerable 
degree of magnetis ss. Fe] 
It is evident, that if in this 88 when 
| the i iron bars are arrived to the extremities of the 
steel, you bring them back to the middle of it, by 
drawing them along the surface of the steel, the 
experiment will not succeed, because the magne- 
tic power communicated by their rubbing the steel 
in one direction, will be Os hs their, © con- 
N motion. STIR 4 - HDi 


- * 


Exrzniunxur IV. 


. 


I EE To « ename urtifiial magnets after the manner o | 
4 8 Mr. Canton. s 1 


1 six 3 — made of soft steel, about 3. backes 
long, 4 | inch broad, and 2» inch thick. Let also 


KL NS Phil s for the years of 1751 and 1702. 
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| six other steel bars be made quite hard, and about 
Six inches long, half an inch broad, and one eighth 
thick. Each of those sets of bars must have two 
pieces of soft iron called supports or conductors, 
both equal to one bar of the respective set. One 
end of each of these 12 bars must be marked with 
a line, which end is to become the north pole. 
Have ready also an iron poker and . that have 
5 long in use. | | 
Place the poker nearly upright, or rathis in the 
hgaetica] line, with its point downwards; and 


let one of the soft steel bars be tied, by means of 


: = a thread, to the middle of it, and with the marked 
end downwards; then, with the lower end of the 


tongs held also in an upright position, or in the mag- 
netical | line, stroke the steel bar from the marked- 


end upwards, about 10 times, on both sides, which 
will give it power enough to keep suspended a 
small key. 
ſour of the small bars. ; 
| + This done, lay the two other small bars on a 
> table, parallel to each other, about a quarter of an 

inch asunder, and between their iron conductors 


A, CD, fig. 14 of plate Il, taking care to place . | 


Thus communicate the magnetism to 


the marked end of one of the bars on one side: and 
the marked end of the other bar on the opposite 
side. Now place the four. bars, already made 


| magnetic, in/the form shewn in, fig. 15, vis. two 


vith their north poles downwards, and the other 
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two with, their south poles downwards. The two 
of each pair must be placed breadth to breadth, 
and the two pairs being put contiguous to each 
other at top, must be kept open to a small angle 
by the interposition of some hard substance I. 
This sort of compound magnet, formed of the four 
bars, must be placed with its aperture. on the mid- 
dle of one of the soſt bars A C, taking care to let 
the south poles H be towards the marked end of 
the bar A C, and the north poles F towards the 


bother extremity. In this position, the compound 


magnet must be slid from end to end of the said 
dar, vis. when the poles H are arrived at C, move 

the compound magnet backwards the other way, 
till the poles F come to A, &c. Thus stroke the 


'- lying bar four times, ending at the middle; from 


whence take up the compound magnet, and re- 
move it to the middle of the other lying bar B D, 
taking care, as above, to let the south poles be to- 
wards. the marked end of the bar; rub this in the 


like manner; then turn the bars A C, BD, with 


| the sides that stood towards the table, upwards, 


and repeat the operation. on those other sides. 


This being done, take up the two bars AC, BD, 
and let them form the inner two of the compound 
magnet; and place those which were before the 
two outside ones, between the pieces of iron or 
conductors, and rub them with the compound 
5 magnet formed. | out of the other four han, in the 


a. 
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same manner as before. This operation must be 


repeated till each of the six bars has been rubbed 
four or five times, by which means they will ac- 
 quire a considerable degree of magnetic power. 
When the small bars have been thus rendered 
* magnetic, in order to communicate the magne- 
tism to the large bars, lay two of them upon the 
table, between their two conductors or pieces of 
iron, in the same manner, and with the same pre- 
cautions, as were used for the small bars; then 


form a compound magnet with the six small bars, 


83 placing three of them with the north poles down- 
£ _ and the three others with their south poles 
downwards. Place those two parcels at an angle, 
as was done with four of them, the north extre- 


mity of one parcel being put contiguous to the 


south extremity of the other; and with this com- 
pound magnet stroke four of the large bars, one 
after the other, ahout twenty times on each side, 
by which means they will e some magnetic 


power. 


When the FORE large IA have been 80 far ren- | 
derod magnetic, the small bars are laid aside, and 


tbe large ones are strengthened by themselves, i in 


the same manner as was done with the small bars. 


With some sort of steel, a few strokes are suffi- 


4 5 cient to impart to them all the power they are ca- 


f ; pable of retaining; other sorts require E longer 
0 N and sometimes it. is dureh to gi ve 
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them more than a jus! zensible degree of __ 
_ tism. | | 
In order to eee the operation, the bars 
ought to be fixed in a groove, or between brass 
pins; otherwise the attraction and friction be- 
_ tween the bars will be continually deranging 
them, when placed between the conductors. 
After what has been said in the preceding pages, 
the reader may easily comprehend the reasons of 
the operations here described, for constructing ar- 
tificial magnets. e 


Exrannlur V. 


To communicate magnetism by means of two mag- 
netic bars. 


It may be . understood, that i in order to 
communicate magnetism by means of two magne- 
tic bars, the operation goes on much in the same 
manner as in the preceding experiment; but, as it 
is more convenient to use two bars, and as the 
observations which may be made on the use of 
them are also applicable to the other methods of 
communicating magnetism, I * proper to 
treat of it apart. TI By 

In order to communicate magunetism to a steel 
bar, to the needle of a compass, &c. place the bar 
or . A B, bg. 16, 220 II, upon a table; 
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then place the two magnetic bars CD, EF, 
straight ap upon AB, at a little and equal dis- 
tance from the middle of the bar AB, and in such 
| manner, as the south pole D of one of the bars 
may be nearest to that end of the bar A B, which 
is required to become the north pole, &c. then 
these two bars must be slid gradually towards one 
extremity of the bar, keeping them constantly at 
the same distance from each other; and when one 
of the magnetic bars, for instance C P, is arrived 
at A, then they must be slid the contrary way, till 
E F arrives at B; and thus the bar AB must be 
rubbed a greater or smaller number of times, till 
it will be found by trial to have acquired a eonsi- , 


derable power. When the magnetic bars are 


powerful, and the bar AB is of very good steel, 
and not very large, a dozen of strokes are fully 
Sufficient. When the magnetic bars are to be 
removed from the bar AB, care must be had to 
bring them to the same situation where they were 
first placed, vix. at a little and equal distance 
from the middle the bar AB, and then they 
may be lifted up. 5 

In this p the effect of the bars may be 


improved several ways, which will be found neces- 


sary when the bar A B is proportionably large, and 
it is required to give it the greatest possible power. 
This may be effected, first, by joining the mag- 
netic bars at top, interposing a piece of wood or 
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other substance, except iron, to keep them apart, 
as shewn in fig. 17; for in this manner, the upper . 
poles of the bars being contiguous, will tend to 
strengthen each other, and, of course, their lower 
- poles will also be strengthened. Secondly, by 
| placing the bar, to be rendered magnetic, between 
two bars of soft iron, or two other magnets, as 
sbewn in fig 17, or in the manner directed in the 
preceding experiment. Thirdly, the magnetic 
bars may be inclined the contrary way, aſter the 
manner used by Mr. Aepinus, fig. 18, plate II; so 
that the magnets CD, EF, may make an angle of 
about 15 degrees with the bar AB. 

The bar A B may, in the same manner, be ren- 

dered magnetic by means of an armed magnet, as 
$hewn in fig. 19, or by a horse-shoe magnet, as 
sbewn in fig. 20, placing. both the poles of the 
; magnet in contact with the bar, &c. 
In all those methods, the bar to be rendered 
magnetic must be stroked on every side; and, in 
order to let the magnetic centre fall just in its 
middle, care must be had to stroke one half of the 
bar just as often as the other hall. 2 Et 

| Whenever a steel bar, or in general a a piece of 
FS HER substance, is rendered magnetic by 
applying two bars, or whenever two magnetic 

poles are applied to it at the same time, as used in 
this and the preceding experiment, the operation 
ds usually called the double touch, in distin etion 
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n the single touch, which is oben only one 


| Os pole is applied 1 n.. 1 


ExysrexT VI 


: Th communicate the ma aonetis power 40 crooked 
| — bars. ; 


Artificial magnets are frequently made in the 
shape of a semicirele, or like a borse-shoe, for the 
sake of bringing both poles in the same plane. 
These are rendered magnetic in the same manner 
as the straight bars, excepting only, that the mag- 
. netic bars which are used for it must follow the 


curbature of the steel bar; thus, if it be required 
to render magnetic the piece of steel AB C, fig. 20, 
plate I, place it flat upon a table, and to its ex- 
tremities apply the magnets DF, EG; joining 


their extremities F, G, with the conductor or 
piece of soft iron FG. Then apply the magnetic 
bars H, I, to the middle of the piece A B C, and 
stroke it wal them, from end to end, following 
the direction of the bent steel, so that on one side 
of it tbe magnetic bars may stand i in the direction 
indicated by the dotted representation LK. In 


this manner, when the piece of stcel has been 


rubbed a sufficient number of times on one side, 
n the other side en. and repeat the * 
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192 PRACTICAL MAGNETISM. 
ration till it has acquired a sufficient degree of 
magnetism. c 

In this operation, the same precautions must be 

followed as were recommended for the method of 
communicating the 'magnetism to straight bars, 
viz. the magnets DF, E G, as well as the mag- 
nets H, I, must be placed sos that their south 

poles must be towards that extremity of the bent 

steel which is required to be made the north pole, 
and their north poles towards the other extremity. 
The magnets, I, H, must be first placed on the 
middle of the bent steel; and, after having drawn 
them over one leg of it as often as over the other, 
in order to let the magnetic centre fall just in the 
middle of the bent steel, they are removed, &c. 


ExPERIMENT VII. 


To communicate magnetism by the application of only 
one - pole. | 


If a person have only one magnetic bar, or a 
terrella, with which he wishes to give magnetism 
to a needle or other bar, the only way of effecting 

it is, to apply one pole of the terrella, or magnetic 
bar, AB, fig. 22, plate II, to one extremity C of 
the needle, and to draw it all along the surface of 
it till it reaches to the other extremity D; then 


7 


S 


* 


the magnet being removed, must be applied again 


to the extremity C, and must be drawn over the 


| needle as before. Thus the needle must be rub- 
| bed several times, by which means .it will 2 
a considerable degree of magnetism. 

It must be observed, that the extremity of the 
_ needle which the pole of the magnet touched last, 
acquires the contrary polarity. Thus, in the pre- 
ent instance, if B be the north pole of the mag- 
net, then the extremity D of the needle will after- 
_ wards be found to have acquired the south pola- 
| rity, and the other extremity C, the north. 

In this operation it is evident, that, after the 
first stroke, when the magnet is applied again to 
: "6 this extremity, having acquired the north pola- 
rity, will have that power destroyed by the vicinity 
of the Horth pole B of the magnet; so that it 
seems that every stroke undoes what was done in 
the. preceding. However, the fact is, that by. re- 
peating the strokes the power is increased; but, 
in general, this method will never be s0 advanta- 
geous as when more than one magnetic pole is 
used: hence it ought not to be used, excepting 


in case of necessity, viz. when one has oy one 


n bar? or terrella. [ 
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4 + ©» CHAPTER 'VI. 


ting them between ang, they must be rubbed 


with other magnetic bars, in the same manner, 


and using the same precautions as were recom- 


DTS SOIT ORE Gel mag: 
nets... 


For' this operation, it is s always proper to re- 
move the armature from the natural _ if 


they have any; as is generally the case. 


i 


or THEE USE OF THE MAGNETICAL INSTRU- 
MENTS. | 


Tun magnetical instruments may be reduced to 


three, viz. the magnetic bars, the compass, and 
the dipping needle. There needs nothing more 


be said, in particular, relating to the magnetic 
bars; their use in communicating magnetism to 


other. bodies, and in discovering the presence of 
iron in various substances, having been already 


sufficiently examined. 
As to the use of the simple compass, the reader 


can hardly expect any farther explanation; for, as 


its office is to place itself always in the same posi- 


Wy, 


* { | 
"uy 


) 


\ 


\ PRACTICAL MAGNETISM. 197 


tion, it serves to shew the bearings of different 
places, especially where there is no other fixed 
object to guide the observer. It may be only 
proper to remark, that at sea, when the vessel is 


very much agitated, and of course the card of the 
compass is not steady, the best way of determin- 


ing the true direction of the vessel, is to take a 
mean between the extremes of the vibrations of 
the needle. Thus, suppose the card was to vi- 
brate so, that its north and east points were the 
extremes of the vibrations, vis. those points did 
alternately coincide with the fixed line in the 
box, then the true direction of the vessel would 


be N. E. or nearly so. 9 
But, as the magnetic needle 1 points Toe 


north and south, the bearings of places cannot be 
accurately-known by the compass, unless its de- 
- Clination be ascertained; which is easily known on 


land, by means of a variation compass placed in 
the true meridian of the place; but, in order to 
ascertain it at sea, by means of the azimuth com- 


pass, there requires an observation of a celestial 
object, and some calculation, I shall now add 


the rules necessary to perform this operation, but 


without going any farther than the mere opera- 
tion; it being incompatible with the nature of this 


work to explain the astronomical and mathema- 


tical principles upon which those rules depend. 
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'# 


DEFINITIONS. 


The true e of a Ser object, is an 
arch of the horizon contained between the east 
or west points of the horizon, and that point of the 
said horizon which the centre of that celestial ob- 

© ject cuts in its rising or setting. 8 | 
4 The sun's amplitude is reckoned eastward in the 
morning, and westward in the afternoon; and its 
quantity is accounted from the east or west points 
towards the north or south. Thus, if the sun, in 
Bo setting, were to pass two degrees northward of the 
west point of the horizon, then it is said that the 
sun's western amplitude is two degrees north. 

The true azimuth of a celestial object, is an arch 

of the horizon intercepted between the north or 
south point, and that point where a plane, passing 
through the zenith and the celestial object, cuts 
the horizon. 

The sun's azimuth is reckoned cant in the 

morning, and westward in the afternoon, 

It is usually estimated from the south, or from 
| | the north, according as it is nearer to the one or 
5 to the other of those points. Thus, if it be found 

FE buy observation that the plane, which passes through 
the zenith and a star, cuts the horizon just midway 
between the east and the south, then it is said that 
the star 'sazimuth | is 455 eaxtward of youth. 
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The magnetic amplitude of a celestial object, is 
its bearing by the compass when in the horizon. 
The magnetic azimuth of a celestial object, is its 


bearing by the compass when above the horizon. 


The variation is found by comparing together 


Ahe true and magnetic amplitudes or azimuths of 


To observe at sea the magnetic amplitude of a celes- 


cles objpets 


PROBLEM I. 


tial object with _ azimuth compass. 


Tice. the compass on a steady place, from 


| whence the horizon may be clearly seen; and, 


| looking through the sight vanes of the compass, 


; turn the instrument round, till the centre of the 
sun, or other celestial object, may be seen through 
the narrow slit which is in one of the sight vanes, 
| exactly on the thread which bjsects the aperture in 


the other sight vane; and when the centre of the | 


celestial object, whether rising or setting, is just in 


the horizon, push the stop, in the side of the 


box, so as to stop the card, and then read the 


degree of the card which stands just against the 


U 


4 


fiducial line in the box, hich i is the amplitude N 
sought. 


In this operation, some 3 must lia 3 


for the height of the observer s eye above the level 


of the sea. 
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the fiducial line in the box. 
brates very much, the observer must take the mid- 


as mentioned in the beginning of this Chapter. 


\ 


| ProBLEM II. | 


Th observe at 5ea the magnetic azimuth of a celestial 


abject with the azimuth compass. 


Situate the instrument in a proper place, as be- 

® fore, and looking through the narrow slit in one 
of the sight vanes, turn the box round, till the 
centre of the celestial object, when above the ho- 


rizon, may be seen to coincide with the thread in 
the slit of the other sight vane, or till the shadow 


of that thread, when the sun observed, falls ex- 

actly along the line of the index, and in the same 
instant stop the card; then read the degree, as 
beſore, which is the azimuth sought. 


When the vessel is very much agitated, this, or 


the preceding observation, is best performed by 


two persons, in the following manner, viz. let one 
look through the sights, and turn the box till the 
centre of the sun coincides with the thread, tak- 


ing care to keep a constant sight of the coinci- 


dence, notwithstanding the motion of the vessel. 
He must then signify that coincidence by word 


or sign to the other person, who niust, at the same 


time, observe what degree of the card is against 


dle degree between the extremes of the vibrations, 


When the card vi- 
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N. B. At the same instant in which the mag- 
netic azimuth of a celestial object is observed, the 
altitude of the same object must be ny with a a 

80xtant, 


— 


PROBLEM III. 


e latitude of the place of observation, and the de- 
clination of a celestial object, being given, to find 
the true amplitude of that object. 


The analogy i is the following, viz. the cosine of 
the latitude is to the radius, as the sine of the de- 
clination is to the cosine of the amplitude. The 
first, second, and third members of this analogy 
being known, the fourth, viz. the amplitude, is 
found by the common rule of proportion, which, 
by the help of a logarithmical table is N 
thus: 

Add the logarithm of the sine of declination to 
| the logarithm of the radius, and from the sum 
subtract the logarithm of the cosine of the latitude. 
The remainder is the logarithm of the cosine of 
the amplitude. For instance, in latitude 38" 25' 
north, the sun's declination being 18? 59'; re- 
mas its ene 8 Le 
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202 PRACTICAL MAGNETISM. 
Log. sine of 18 , 951227 
Log. of radius - = 10,00000 
im - - 8 19,1227 . 
I Log. cos. of 38 25 = 9,89405 
' Remainder - - = 9,0 1822. : 


which is the ben of 24 32%, che amplitude 
required; which is of the same name with the given 
declination, viz. north when the declination is 
north, as in the are instance, and south when 


the declination is 5 South, | 


| PropLaN IV. 


The latitude of the place of 3 the ee. 
tion M a celestial object, and its altitude, being 
1 : required the true azimuth of oy Roos.” 


1 the declination ang latitude be noch 8 or 
both south, call the codeclination A; but if they 
be one south and the other north, add goꝰ to tho 
| declination, and call the aum A. 

Call the difference between the colatitude and 
coaltitude B. 

Leet the half of the sum Ny A Bo B "a called D, 
and the half of their difference be called C. 

Then add together the four 3 loga- 
rithms, vix. the arithmetic complement of the 
logarithmic sine of the colatitude, the arithmetic 


* 
— 
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complement of the logarithmical sine of the coal- 


titude, the logarithmic sine of D, and the loga- 


+ rithmic sine of C. 


Now take half the sum of those four n 


and that is the logarithmic sine of half the azimuth 


required. | 
For instance, in latitude 4 o 38' north, the sun's 


. in the afternoon was 20467, and its de- : 
clination 17 10' south; required the sun's azi- 
muth for that time. 


\ % 


The nition + . 90? = 10/7" 10. = 


The coaltitule - = | 69* 14 

The colatitude - - = 49* 22 
| The difference ES. 19 57 * B 
The half sum of A and B = 63&31 = D 

The half difference of A and B = 43? 32) 0 

The arith, compl. of log. sine of colat. =  O,1 1982 
The arith. compl, of log. sine of coalt. 0,02917 
The log. sine of D 8 995183 
The log. sine f <- + - 9, 83901 
Sum. of those four logarithms - = 19,93985 


{ oo 


the half of which is 9,96992, and this is the loga- 


rithmie sine of 38? 55'; the double of which, vix. 


77 50“, is the required sun's azimuth from the 
north point of the en. | 


\ . Pl 
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PROBLEM V. 


Ne true and magnetic amplitudes or azimuths of a 
celestial object being given, to ascertam the paria- 
lion of the compass for that time and place. 

Let the amplitudes, as well as the azimuths, be 
all reckoned from the north point, which is- done 
by"subtracting it from go when the amplitude is 

northward of the east or west points, or by adding 
it to Ho” when it is southward of the said points; 
then either the magnetic amplitude is less or 

| greater than the true amplitude. 
When the magnetic amplitude i is less than the 
true, and they are both on the same'side of the 
north point, their difference is the variation to- 
wards the contrary side of the north; but; if they 
be on different sides of the north point; then their 
sum is the variation towards the same side with 
the true amplitude. 

When the magnetic amplitude is greater than 
the true, and they are on the same side of the 


north point of the horizon, their difference shews 
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the variation towards the same side; but, if they 
be on different sides, then their sum is the varia- 
tion towards the same side with the true amplitude. 
Thus, if the magnetic amplitude is 805 east ward 
of north, and the true amplitude is 825 towards the 
same side, then the variation is 25 west; and if the 
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| magnetic enn be 76 eastward of north, 


- whilst the true is 5? westward of north, then the 


variation is 817 west. 
What has been here said of the amplitudes 1 must 


be likewise understood of the azimuths, when the 
variation is to be estimated from them. 


ProBLEM VI. 


7 2 the dipping of the "<——_— — 


* 


5 For this operation, nothing more is lanes 


than to place the dipping needle in the magnetic 
meridian, which must be ascertained by means of 
a good compass; but then the two instruments 
must be placed sufficiently far from each other. 
Sometimes the frame which holds the dipping 
needle is furnished with two sight vanes on an 


index, which moves horizontally, and through 
which a distant object, the bearing of which is 


accurately known, may be kept in view, in order 
to fix the dipping needle in the magnetic meri- 
dian; taking care to let the plane of the needle 


form the necessary angle with the index, or bear- 


ing of the distant object; which is shewn by the 


divided circle just under the index. 
To compensate in some manner for the possible 


want of balance, the poles of the dipping needle 


are usually reversed by means of magnetic bars; 
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80 that its two ends may be made to dip alter- 
nately, and a mean is taken of the two or more 
observations. 

The greatest imperfection of the at needle 
is, that the magnetism of the earth acts upon it 
differently, according to its different degrees of 
inclination,” and also according to its greater or 
lesser magnetic power. This property, which at 
first sight seems to be rather paradoxical, will be 
rendered evident by the following explanation. 
Let A B, fig. 23 of plate II, be the dipping 
' needle; the circle, E F, representing one end of 
its axis; the lower part F of which rests upon the 
support CD; and EF is the line which passes 
through the centre of the needle, and divides it 
into two equal parts. It is evident, that before 
the needle has acquired any magnetism, if it be 
of a uniform figure, and the axis be truly cylin- 
drical, and placed in its middle, the needle must 
remain in any situation it is placed, because the 
perpendicular raised from the point where the 
axis EF touches the support C D, passes always 
through the centre of the needle, dividing it into 
two equal and like parts; so that the needle is 
perfectly balanced in any degree of inclination. 
But it must be remarked, that though the needle 
be perfectly balanced, yet when it stands in an 
' inclined situation,  shewn in fig. 24, 'the part of 
it, G A, which stands above the supporting point 
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G, is longer than the part BG, which stands be- 
low it; and this difference increases as the incli- 
nation increases, because the axis of the needle is 


, 


not a mathematical line, but a body of a certain” 


diameter; so that, when the needle stands per- 
" pendicular, the part of it which lies above the sup- 
porting plane exceeds the other part just by the 
diameter of the axis. Now, when the needle is 
inclined, as in fig. 24, suppose that two equal 
and like forces be applied to its extremities A and 
B, it is evident, that the force applied to the ex- 
tremity A must have more power to move the 
needle than that applied to B, because G A is the 
longer lever of the two. This inequality of effect 
must increase with the inclination, and is greatest 
55 the needle stands perpendicular. 

The; application of Uno forces takes _— when 


dle act upon the extremities A and B, the irregu- 
larity above-mentioned must increase with the 
inclination and with the e of the — | 


br. e power. 

Various methods have been pes in W 
to compensate for this irregularity; but none has 
yet been found to obviate it perfectly; and ar 
en introduce new imperfections. 
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CHAPTER VII. 


' +, FROMISCUOUS EXPERIMENTS. | 


1 hf 2 


Tze anale paradea. 


Avon: the table A B, fig. 25 of WW I, 8 a 


piece of } iron wire, not above a tenth of an inch 
long. Let the magnetic bar E F be held at about 
ſour or five inches above the table, with either 
pole downwards, and in such a place as that the 


perpendicular let fall from it. to the table may 


touch the table at G, vis. two or three inches 
distance from the iron wire; those distances, 
however, are subject to a good deal of variety, 
ne from the power of the magnet. | 
Buy the action of the magnet the iron wire will 
hats; one of its ends, as represented by CP, 
_ . forming with the table an angle, which is larger 
the nearer the wire comes to the point 8, where 
it stands ä Mt e e 5 


Wo. 
L ER 
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- Tn this situation, 17 you give — knocks to 


. table, the wire CD will gradually proceed 
towards G, every knock making it jump up and 


advance a little way. The reason of which a su- 
perficial observer would immediately attribute to 


the attraction between the magnet and the iron 
wire, which, being not sufficiently strong to raise 


the wire from the table, has just power enough to 
draw it a little nearer to the point G, when the 
motion of the table lifts it uo. 

Thus far the experiment shews nothing extra- 
ordinary; but if it be repeated with only this vari- 


ation; vix. that the magnet, instead of being held 5 
above the table, be placed helow it, vis. at HI, 


the event will be, that the wire, which will now 


make an obtuse angle towards G, as represented 


by K L, on knocking the table, will gradually re- 

ede from the point G, shewing as if the magnet 
repelled it; which has given to this experiment 

the name of magnetical Parador; for, in fact, the 
5 en attracts the wire. 

This phenomenon results from the directive 


— 5 property of the magnet acting at a greater distance 


than the attractive, as has been explained in 
Ned viii. of the first part of this work. 

In order to explain the immediate cause of this 
phenomenon, it must be considered, that the 


wire K L, fig. 26, plate II, being rendered mag- 
netic by the action of the magnet H, is inclined | 
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to it according to the above-mentioned laws of 
the dipping needle; but, on account of its weight, 
and because it is supported not in its centre, but 
by one end, namely K, which stands upon the 
table, it does not incline so much as it ought to 


do, if it were freely suspended by its centre, the 


end K now being a little higher than its proper 


situation. Let MN be the perpendicular, which 


passes through the centre of the wire. Now, 
when by the motion given to the table, the wire 


is made to jump; this, whilst remaining in the air, 
will take its proper inclination, as shewn by. Q, 
its centre remaining in the same perpendicular 


MN; for the directive power of the magnet H 
acts at a greater distance than its attraction, In 
this situation it is evident, that à perpendicular 


PO, let fall from the lower extremity r of the 
wire, touches the table in a point farther from G 


than the point K; and as the wire after the jump 
comes down to the table again with the proper in- 


clination, viz. parallel to 7 Q, it follows, that now 
its lower end must touch the table at O: and thus 


every knock will force it to recede a little more 
from. the point G, which. lies . over the mag · 
net H. 

Tbe same explanation e! to the first part 
of the experiment, will shew that the wire must 
in that case, wiz. when the magnet is held above 
ths table, — . — the n G. 
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58 This experiment may be diversified by using 


iron filings, instead of the iron wire; for, in the 
first case, the filings dispersed over the table will 
be gradually collected about the point G; and in 
the latter case, the filings placed about the point G 
will be gradually forced to reeede from that Point. 


EXPERIMENT TI 
Toa arm r natural and artificial —_— 


| When a piece of natural magnet is required to 


* armed, the first operation is to find out its 


poles; then let the magnet be properly shaped, 
vix. either in the form of a terrella, or in the more 
usual one of a parallelopipedon, in which latter 


ease Care must be had to let the poles fall about 
the middle of two opposite surfaces, in which di- 


rection the magnet ought. to have the greatest 


length possible; it having been often observed, 

that a natural magnet is weakened in power much 
more by cutting off a- Part of its length, in the 
direction of the poles, vix. 80 as to make the 


magnetic axis sborter, chan in any other diree- 
a tion. | 


| Aber: ES POLY the magnet | properly, let 


two plates of soft iron be made, equal in breadth 
to those surfaces where the poles stand, and to 


7 project A. little way on one side of the stone, as 
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| An i in n fig 1, plate I. Those projections D, D, 
must be much narrower than the breadth of the 
plates. For magnets smaller than one ounce, the 
lower surfaces of the projections, to which the 
iron F is to be applied, need not be larger than 
about one-tenth of an inch; and from a quarter 
to half an inch is sufficient for larger magnets. 
The thickness of the plates CD, C D, must be 
proportioned to the power of the magnet; there 
being a certain size which is the properest for any 
magnet, a larger or smaller thickness than which 
being not so advantageous. This thickness can- 
not be easily determined without actual trial; 
hence the best way is to make them very thick at 
first; then filing a little off, and examining the 
power of the magnet alternately: for the power 
increases gradually till a certain degree, * | 
limit the filing ought to be discontinued. | 
It is indifferent whether the armature be kept 


on by tying; or by a box; whether of metal or of 


wood; but as the box is the most. permanent, this 
ought to be preferred: and it may be made Boy any 


meta] excepting iron or steel. 
When the magnet is ere, the armature, or 


pieces of iron, must be adapted to that surface, and 


each to cover about a quarter of it. 

W bat has been here said about the natural mag- 
net, is equally applicable to the artificial ones; 50 

that many magnetic bars may be joined together, 
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ind may be armed 80 as to form A very y powerful 
compound magnet. 
\. The armature rather strengthens the power of 


80 magnet, for the same reason for which a piece 


of iron affixed to a magnet tends to render it more 
powerful. | 


If the artificial magnets be made in the shape 


of a horse-shoe, or of a semicircle, then there is 
no need of the armature, it being sufficient to join 
- them together, either by rivetting or by a box; 
and, indeed, even with straight bars, the com- 
pound magnet may be made without the armature; 
but then, as the two magnetic poles cannot act in 
che same plane, it is proper to have two of those 


compound magnets, for the purpose of giving more 


3 magnetism t to . bodies.“ 


N \ 


Exyxnxent III. 


* 


Te communicate mn to a needle b means of 
8 


i 


Plas a mall sewing wean; or a x piece of nd” 
wire, on a table, and connect 152 IE of it it 


at This mags ts late De: en Knight e ws 


very powerful artificial magnets, or magazines of magnetic bars, 


which are now in the repository of the Royal Society. Each of 
those magazines consists of 240 bars, disposed in four lengths, 


do as to form a parallelopipedon, every length containing 64 bars. | | 
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with the outside of a charged electric 3 Jar or bat- 
tery,* by means of a wire; let the other extremity 
of the needle be connected, by means of another 
wire, to one branch of the usual discharging rod; 


then bring the other knob of the discharging rod 


in contact with the knob of the jar or battery, 80 


as to make the discharge, which passing through 


the needle will render it magnetic, or reverse its 
poles, &c. according to the circumstances enume- 
__ in the first Part of this work. 


| Exynancent . 


To chew that magnetiom requires 4 certain time to 
| penetrate through a piece of iron. = 


% 


- Place a bulky piece of i iron, for! instance, a short 


piece of about 40 or 50lb. weight, sidewise of one 
of the poles of a magnetic, needle, so as to draw 
the needle a little. 1 eee direction, 


Allt those bars are kept. 8 is means of iron braces, and the 


whole is uspended upon pivots and a proper wooden pedestal or 


carriage, 80 as ta be easily placed in any required position. For 
a farther description of those 8 . see the 8 


Trans. vol. xvi. p. 591. 


0 3 to hays two aquare feet 
1 eee eee of the der in 


of coated surface; but this depends on the sia 
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Then apply one pole of a strong magnet to the 
farthest end of the iron, and you will find, that 
there requires some time, viz. some seconds, be- 
fore the needle be affected by it. This time is 
different, according to the different size of the 
| yjece of iron, and of the power of the magnet. . 


* 


ExpyrINENT * ie 5 


̃ I . $ 
a \ 
1 ; ? 7 ; 


8 imitate the natural n 


iy; 


Take some, martial ions, or, "which is more 
easily procured; reduce into yery fine powder the 
scales of iron, which fall from red-hot iron when 
| hammered, and which are found abundantly in 


- amiths: shops. Mix this powder with drying lin- 


geed oil, so as to form it into a very stiff paste, 


and sbape it in a mould so as to give it any form | 


you require, whether of a terrella, a human head, 
or any other. This done, place it in a warm place 
for some weeks, and it will dry so as to become 
rery hard. Then render it magnetic, by the pro- 
per application of powerful magnets, and it will 
- Fare a considerable Pure” 5 


* 


F + The late Dr. John Fothergill, giving an accourit of Dr. 


- Knight's magnetical machine, in the 66th vol. of the Phil. 


Trans. p. 595, nations the following remarkable circumstance; _ 


which, however, I think must have been partly occagioned by 
ome mistake or misinformation, ** 1 do not know,” says he 
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 ExynnIMENT T3. - 


To weaken, or to 1 the a of a wire, 
Oo 55 0 6 d of | 

Ott the magnetic power to an iron 
wire, or soft steel wire, of about ſour or five inches 
in length, and about z»th of an inch in diameter; 
then roll it round a small stick, so as to make four 
or five revolutions round the stick; after which, 
on straightening the wire again, its * 


5 


7 that the Doctor left behind him —ͤ— 
sition he had made to form artificial load-stones. I have seen 
in his Possession, and many other of his friends have likewise 
seen, such a composition ; which retained the magnetic virtue in 
2 manner much more fixed than either any real load-stone, or 
any magnetic bar, however well tempered. In the natural ones, 
| be could change the poles in an instant, 80 likewise in the 
hardest bars; but in the composition the poles were immoveable. 

He had several small pieces of this composition, which bad 
strong magnetic powers. The largest was about half an inch in 
breadth, very little longer than broad, and near a quarter of 
8 an inch thiek. It was not armed, but the ends were powerfully 
magnetic; nor could the poles be altered, though it was placed 


between two of his largest bars, and they were very strongly 
impregnated. The mass was not very heavy, and had much 


the appearance of a piece of black lead, though not quite 50 
shining. I believe he never divulged the composition; but 
I think he once told me, the basis of it was filings of iron, re- 

| duced by long-continued attrition with wates a perfectly im- 


= palpable state, and then e with some yu _—_ 
| w give. it. due consistence.” 5 
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'4 


| vil be ee a to be quite destroyed by 
the bending, or considerably weakened. 
The effect is the same with shorter or longer 
wires; for, if they make one revolution round the 
stick, the effect will take place; which is evi- 
dently owing to the stress or derangement. of the 
particles of the wire, as is rendered more evident 
by the following observation; wiz. that if the wire 
.be of such springy nature, as to recover its straight 
situation, if left to itself, after coiling it round the 
stick, then its magnetism is either not at all, or 


little diminished: so that, in order to produce the 


above-mentioned effect, a straining of the uu of 
the wire is absolutely necessary. 

When only the middle of the wire is 1558 and 
its extremities remain straight, then the —_—_— 
tism is seldom destroyed, or even diminished. 

If a piece of magnetic wire be cleft or split 


6 8 lengthwise, the parts will have sometimes con- 
trary, and sometimes the same poles as they had 


when in one piece. When one part is much 


| thinner than the other, then this slender 155 _ 


generally have its pojes. reversed. 
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NEW MAGNETICAL EXPERIMENTS. 


| Havine in the preceding pages taken notice of 


whatever had been ascertained with respect to 
magnetism, and of the experiments which seemed 
necessary to prove those magnetical laws, I shall 


Now briefly relate those experiments of mine rela- 


tive to magnetism, which were attended with some 
apparently useful event, arranging in each chapter 
those particulars which are naturally more con- 


nected together, without paying any regard to the 
time in which the experiments were made; and 


also without mentioning a variety of unsuccessful 
trials, or of peas not PM verified * . ex- 


-, 


o 


CHAPTER I. 


DESCRIPTION | OP A NEW SORT OP SUSPENSION 
FOR A MAGNETIC NEEDLE, PRINCIPALLY 
INTENDED FOR ASCERTAINING SMALL DE- 
- GREES OF MAGNETIC ATTRACTION; AND 
Sou REMARKS ON THE VSE OP QVICK- 
SILVER, S 
FOCI - | 
Pave tovs to the narration of the experiments on 
the magnetism of brass and of iron in its different 
states, which are to be related in this Part, J shall 
describe the magnetic needle generally used for 
those experiments, which is suspended in a parti- 
cular manner; it being a very simple, and at the 


same time a very nimble sort of suspension. 


Experience having shewn, that large magnetic 


geodhes are not proper for experiments wherein a 
very small degree of magnetism must be ascer- 


tained, and the free motion of the usual small 5 


needles being Pproportionably more obstructed by 
the nature of their suspension, even when fur- 
nished with agate caps, I endeavoured to contrive 
a sort of suspension which might answer the pur- 
pose better than the needles suspended i in the usual 


manner; and, after several attempts, at last I con- 
t tructed a chain of horse- hair, consisting of five 
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or six links, to which the needle was nupended, 
Each link is about three quarters of an inch in 


diameter; and the extremities of each Piece of 


hair, which is formed in a ring, are joined by a 
knot, and secured by a little Sealing-wax. The 


nk on one end of this chain i is suspended on a 


pin in a proper frame, or on any support that may 


he at hand; and to the link of the other extremity, 
which lies lowermost, a piece of fine silver wire is 


hooked. This wire is about an inch and an half 


long, and its lower extremity is fastened round a 
small and cylindrical piece of cork, through which 
a common sewing needle made magnetic is thrust 


horizontally. Thus the magnetic needle is kept 


suspended by a hair chain, the links of which, on 


account of the smoothness and lightness of the 


hair, move very freely in each other, and allow the 


needle more than a whole revolution round its 


— 


centre, with so small a degree of friction as may 


de considered next to nothing. By comparing 


this needle with others of the best sort now in use, 


J find it much more sensible; ſor, when bodies 
which bave an exceedingly small magnetic power 
are tried, this needle will be frequently attracted 


by them,. when the others are not n af- 
tected. © _ 

In order to try farther the 8 of mich * 
pension, I placed a piece of looking glass under 


the needle, and nearly horizontal; so that the 
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image of the needle was seen in it. Now, as a 


fine line had been previously marked on the glass, 


_ things were so disposed as that the image of the 
. needle might coincide with the line marked on 
| the glass, the eye of the observer being placed in 


a proper point of view; afterwards, by 5haking the 
. needle either very gently or very quickly, I re- 
| peatedl y endeayoured to place it out of the mag- 


netie meridian; but every endeavour proved inef- 


 fectual, for the needle constantly settled in the 


ame direction, without any sensible deviation: 
With a needle thus suspended a variation com- 


8 pass might be very easily constructed, and it 


/ 


would, perhaps, be more accurate than those com- 
_- monly i in use. For this purpose, the needle ought 


to be about three inches long, and the piece of 


ere ought to be fixed upon the index of 
an Hadley s sextànt, which must be placed hori- 


| andy under the needle, with its edge or fidu- 
cial line in the meridian of the place, in order io 


observe the daily variation of the needle. I have 
made only a rough model of such a variation com- 
n and it seemed to answer very well. 


This construction appears to have the following 


advantages over the common sort: 1. The needle 
being cylindrical, and without a hole through the 


middle, would be less subject to have more than 
two, poles. 2. The needle being slender, its poles 
would stand more exactly in its axis, which with 
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the common flat needles is geldom the case. 3. Ie 
will appear, by a little consideration, that in this 
construction there is no need of the needle's centre 
of motion keeping always in the same iuvariable 
point, which renders the construction both very 
easy and very accurate. And,  lastly, as the sex- 

tant may be placed at a considerable distance be- 

le the needle, and the rest of the frame may be 
made of any size, there would be no necessity of 
placing any brass or other metal 80 near the needle 
as might affect it in case this metal had any mag- 
0 netism, which generally happens with brass. 

In order to examine the magnetism of divers 
substances, besides the above-described needle, 
I used to place the substance to be examined upon 
water, sometimes resting it upon flat pieces of 


5 cork, or upon quicksilver; which last method, 


though incomparably nicer than the others, is 
however very troublesome on account of the fol- 
lowing, circumstances, for which reason I gene- 
rally contented myself with using only; the needle 
_ 8uspended by a hair chain. 1555 

In · the course of the experiments, in which 


5 quicksilver was used, I observed a remarkable 


3 respecting the surface of that metal; 
it is, that tbough substances will float upon it 
wonderſully nimble when it is first poured out 
into the open vessel, yet a short time after, viz. 
after having remained for an hour or two, and 
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often a b time, i in the open vessel, a piece of 
brass or other substance will by no means float 
upon it with equal facility; so that some sub- 
stances, which after first pouring out the quicks 
silver into the open vessel were evidently attracted 
by the magnet, an hour after were not in the least 
moved i 
T be only effectual method which would render 
| ack again fit for the purpose, was to 
pass it through a funnel of paper, as described in 
page 143; which operation I have been obliged 


sometimes to repeat four or five times in about 


two hours time. 
I There seems to be formed a kind of « crust upon 
the surface of the mercury thus exposed, which, 


+ though invisible by mere inspection, may be per- 
cCeived by moving the floating substance upon it; 


for, soon after having passed the quicksilver 


through the paper funnel, the floating substance, 
when moved, seems to proceed by itself; whereas 


some time after, the same substance, when moved 


seems to communicate that motion to the adjacent | 
quicksilver, and to drag it along with itself, 80me- _ 

what like what happens when one moves some- 

thing that floats upon the surface of a ce which 


E wo to coagulate. 
The formation of this crust I acribuind to the 


_ Imperfect metals, which, though i in small quanti- 
ties, are e amalgainated with the common 
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vort of eee for, that antalguribtion tend- 
ing to oxygenate those metals, the half oxyge- 
nated part floats at the top; and it is most likely 
that the said oxygenation. goes on very quick 
in the open air. What corroborates this supposi- 


tion is, that the purer the quicksilver is, the least 


is the crust formed, or opposition made to the 
floating substances; however, I have observed it 

in some measure, even in the purest quicksilver, 
and am inclined to think, that it must be partly 
owing to some moisture or invisible dust, which 
adheres to the surface of the e that | is 
N to the nete 1 


 CHAPTER' II. 


EXAMINATION or THE MAGNETICAL PROPER- | 


TIES OF BRASS. 


A vaw hn ago, being MG e vows 


magnetic experiments, in which brass was con- 


cerned, I used to examine first whether the pieces 
of brass had any magnetism or not, and rejected 


those pieces which had an evident degree of that 
power. In the course of those 9 I re- 


} + 


— 
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magnetic, and much more so than others; in con- 


sequence of which I made no use of hammered 
brass in those experiments. But about a year and 


an half ago, having ordered a theodolite at a phi- 


| logophical instrument shop, I particularly enjoined 


the workmen to try the brass, both soft and ham- 
mered, before they worked it, and to make no use 
of that which had an evident degree of magnetic 
power. They found that hammered brass, even 


zuch as before the bammering had no magnetism, 
could afterwards disturb the magnetic needle very 


sensibly. These observations induced me to make 

the following experiments. 
Experiment 1. An oblong piece of brass; weigh⸗ 

ing somewhat less than half an ounce, being exa- 


mined, by presenting every part of its surface to 


the suspended needle, shewed no sign of magne- 
tism whatever. It was then hammered for about 
two minutes; the consequence of which was, that 
it became magnetic, so far as to attract either end 
of the needle from about a quarter of an inch dis- 


tance. This same piece of brass, being now put 


into the fire, 80 as to become red-hot,. by which 
means it was softened, and when cold being: pre- 


zented to. the suspended needle, its magnetism | 
was found to be entirely gone. Hammering made 
it again magnetic; softening by fire took the mag- 


1 7 P 


member to have observed, that those pieces of 
brass which had been hammered, were generally 


Q — 
» 

„ 8 „— - 1 - — — GIN 2 of r — OY Is - - 
ESE ig TLIC EE ei ES ov Hines Dm. Dd Er WS» 8 8 
. Rr r . . re PIE . — — — 

* — 1 ARC" > WV. 2 2 —_ - x — reve rat En wa X 
” 3 eq 


GE 
— 


n 


r 


1 1 
s © * 33 — — m- * - OO" 
GR Soares De. - e7 A 


4 =P 
— Ws 


DS > 
1 


————— —— — A CL — —_ 
— — — 2 


+ „ Ri 4 208 a 
BIT 5 — — — g 12 * 
4 3 


© CE IRR 
WT + A 


A 


— 
1 
Ar rr 


* 
CS RE" 


8. .* 2 r 

XR 2 C3 

Ee 3 Re had es 

® "= 6 1 7 AG 
— Hom « — 7's — 


— 8 ns 232 


n 


/ 
ps 
4. an 
1 . 


— + ng 


N - 8 2 OS —-_ A 
> = Os op > ae 9 R 1 2 — n —_— FE 
Fo TE 7% Re OTIS, CASE. . 
—_ „ 44.4 9% ABR, of HE 8 = 9 F 1 
* — - „ * = -- e n — 5 o * 
— * s a 
— *. 2 9 8 


N 

— o LI Wd Ib My IF 
os : 

* D IN 96. 
— % + „ 3 Is 
LENSES 


oX 
a . 8 
* N 
— > 
D 
+ 
8 


>; 
rn $a ®. 


. 


ISS 
1 


— 


— 


PS Poe 
T7 


— Ts CE. ines UL Ur 
1 
reer 


2 ICED 
Cn 


226 NEW EXPERIMENTS. 


netism away a second time: and thus the magne- 


tism was repeatedly given it by hammering, and 
was destroyed by softening; sometimes shewing 


to have acquired a sensible degree of that power 
even after two or three strokes of the hammer. 


- Experiment. 11. The result of the first experi- 


ment would naturally induce one to suspect, that 
the hammer and anvil might have imparted some 
small quantity of steel to the brass, which rendered 
it magnetic; and that this magnetism was de- 
- 8troyed in soſtening the brass, insomuch as the 


fire calcined the small quantity of steel that had 


adhered to it. In consequence of which conside- 
ration, I took other pieces of brass, besides that 


used before, and hammered them between card- 
paper, changing the pieces of paper as often as was 


necessary, since they were easily broken by the 
hammer; but the pieces of brass became con- 
stantly magnetic by the hammering, * their 
magnetism was destroyed by fire. 


In this experiment I generally gave to the brass 


not above thirty strokes with the hammer. 
Experiment 111. Still suspecting that the ham- 
wer and the anvil might have imparted some small 
quantity of iron to the brass, because the pieces of 
ceuard- paper sometimes were broken by the first or 


second stroke, in which case either the hammer or - 
the anvil touched the brass, T hardened a piece of 


brass by beating it between two large flints; viz. 


"> 
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using one for the hammer and the other for the 
anvil, The piece of brass became magnetic, though 
in this case it seemed to have acquired not 80 much 
power, as when it had been hardened with the 
hammer; but it must be observed, that the flints 
being rough and irregular, the piece of brass could 
not be hardened by them 80 _— or 3 
as as by the other method. ef 

The flints, being examined both before and 
after the experiment, were found to have not FO 
least degree of magnetism. 

Experiment iv. A piece of brass, which; by 
| hammering had been rendered so strongly magne- 
tic, as to attract either pole of the needle from 
about a quarter of an inch distance, was put into 

.  acrucible, together with a considerable quantity 
of charcoal dust, which surrounded it every where. 
The crucible was covered with clay, and being 
placed into the fire, was kept red-hot for about 
ten minutes. After cooling, the piece of brass 
vas taken out of the crucible, and being examined, 
was found to have entirely lost its magnetism. 
The object of this experiment was to ascertain 
whether the loss of magnetism in a piece of brass 
that was softened, was owing to the calcination of 
the ferruginous particles, which, notwithstanding 
the preceding experiment, might still be suspected 
to be imparted to it; because in this way of soft- 
| ening the W the ferruginous particles being 
if 68 | * 


4 wo oh old 8 r. © "> n 33 7 — — Deer 
S F Err // nn men oo 
n 3 < Tn ” 1 „ n * * 
— £ — rer 9 r Sn 9s > 2 r — x SE 1 AS 
- — 1 —_ a 2 
p 4 - — LE ITED — 33 


. !— . —— —— — 
— — = _— 


ee - 
— 


r 8 
- ——— - ——.. * 
2 Pri 2 


D K. 
D ya — 
— 


Eos x 
—— ” £ 
SIE 


. 


. 2 IS . 


2 


. — 
— —— 
E 


- Way 7 5 
% 4 
; 7 
1 
7 2 
. 
— 
= 
2235 
b #4 * 
e 
nh 
$4 
bt 
5 55 
= 
TID 
” > 1 
"i 
* 2 
1 
= 
os > 
1 3 
2 
, 59 > 
Bo © 
1 
x N 
„ 7 \ 
% 
77 
"IV 
* x * 
6 — 
1 d 
3, 85 
n 
. EY» 
1 * . 
1 F * 
1 
. 1 
dr, 
143 
„„ 
4.85 
WE 
we 4 1 
** 
* 20 
0 > 
, , 1 
Ny 4 
$744 . 
4% FEI 
"2 
* 
Din 
3 1 
$f 2 
1 
- 83 
. 
5 
+ mnt 
3 
Wy 
— S500 


” 
8 
, b »o * 
n . 
PE 
S 
a * 2 


gent tn 


pd * uw 4 * 
1 SEE” NY 
© kjhbo Hh. 


Po” ) I 7 a has " 
Ons. ORE SI Ay SE ae 
i 


— 
+37 


+ 


FE of dS 
e = 
25 e 


—_— 


Dau Wt 


* 


1 


7 he r n 
2 — 2 $I „ „ 


* 
3 
=y 


wb 
us 


I ern Cr II 


* 
. n ©. te — 
2 Rum OT r 2s; 8 pu 
n ET GE, OS ONE IT. DO 


DD - 0 hc 1 
4 of 2 ** 
„ Rv >. 

2 — 
a. eas 2 


I 


228 NEW EXPERIMENTS. 


surrounded with charcoal dust, could not have 
been calcined; hence the brass ought not to have 
lost its magnetism, which however was not the 
result of the experiment. | 
Experiment v. One of chose pieces of brass, 


which had been used for the foregoing experi- 


ments, and which had been deprived of magne- 


tism by fire, was hammered between two large 
and pretty thick pieces of copper, which had not 
the least magnetism; and, after a few strokes of 


the hammer, it became sensibly magnetic. 
Experiment VI. In order to examine the diffe- 
rence of this property in brass of various kinds, 
I have tried a great many pieces of English, as 
well as ſoreign brass; some of which was very old, 
and so fine and uniform, that an eminent watch- 


maker of my acquaintance used it for the very best 
sort of watch-work. But I find, that they mostly 


have the property of becoming magnetic by ham- 
mering, and of losing that power when soſtened. 


T here are, however, some pieces which acquire 


no magnetism by hammering, though they are 
rendered equally hard by it as those which acquire 
the magnetism. By attentively examining them, 
I have not yet been able to distinguish, without a 


trial, which pieces are capable of acquiring mag- 


netism, and which not; the colour, apparent tex- 
ture, degree of ductility, &c. — to afford no 
- gure indication, | | 
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Experiment vii. The preceding experiments 
seem to render evident the existence of magne- 
' tigm, or of the power of attracting and being at- 


tracted by the magnet, independent of iron; yet 


an objection may be made against this conse- 
© quence, which is, that the brass which becomes 
magnetic by hammering, and loses that power by 


softening, might contain a small quantity of iron, 


to which that magnetism was owing; and that 
this iron, or martial earth, dispersed through the 
substance of the brass, might become metallic 
by the action of the hammering; insomuch as the 
brass being forced into a smaller space, might per- 
haps take some oxygen from the martial earth, 

and thus render it sensibly magnetic; and, on 
the contrary, the action of the fire in softening, 
might give that oxygen to the martial earth, and 
remove it from the brass; hence the former, re- 
maining quite oxygenated, would no longer shew 
any signs of magnetism. The consideration, that 
iron may be oxygenated or calcined more easily 
than brass, gave an apparent weight to the sup- 
position; but the following experiments e scem to 
5 expel every doubt. DT 


Having chosen a piece of 18 which und 


. acquire no magnetism by hammering, I placed it 
upon an any], together with a considerable quan- 
tity of crocus martis, which crocus had no action 
on the magnetic needle; then began hammering 
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the brass, and turning it frequently, in order to 
let part of the crocus adhere to it; and, in fact, 
the crocus had in several places been fastened s 
well into the brass, that hard wiping with a woolen 
cloth would not rub it off. The brass appeared 
red in those places; but, after having been ham- 


| mered for a long time, it acquired no magnetism 


whatever. The hardening, therefore, could not 
render the iron calx so far metallic as to af- 
feet the magnetic needle. 

Experiment v111. In order to diversify the pre- 
ceding experiment, I drilled a hole, about one- 
eighth of an inch long and little more than one- 
fiftieth of an inch in diameter, into a piece of 
brass that was not rendered magnetic by hammer- 
ing, and filled it with crocus martis; then I ham- 
mered the piece of brass, thus inclosing the calx 
of iron, and afterwards presented it to the sus- 
pended | magnetic needle; but there was not the 
least sign of attraction: the martial earth, there- 
_ fore, had not been metallized by the brass by the 
action of hammering. 
Experiment ix. The same piece of hs con- 
taining a small quantity of the calx of iron, was 
put into the fire, and was made quite red-hot, in 

which state it remained for about three minutes. 
Then, after cooling, it was presented to the mag- 
netic needle, and this was attracted: by the brass 
only in that place wherein the calx of iron was 


„5 | 231 
contained. The action, therefore, of the fire had 
rendered the martial earth so far metallic, as 
to attract the magnetic needle; hence, if the 
magnetism of brass were owing to any ferruginous 

matter contained in it, a piece of brass ought to 
become magnetic when softened; which is con- 
| trary to the foregoing observations. berge 


Experiment x. A hole, similar to that menti- 
oned in the 8th Experiment, was drilled into a 


piece of brass that would not become magnetic by 
| hammering, and into it was put some black calx 
of iron, which was so far metallic as to be 
attractible by the magnet, and the hole was closed 
by a few strokes of the hammer. In consequence 


of this, the piece of brass, when presented to the 


suspended needle, would attract it only about that 

place where the magnetic calx was contained. 
This attraction was very weak. The piece of brass 
thus prepared was then put into the fire, and was 
kept for about six minutes in a heat very little 
short of that necessary to melt brass, and, after 
cooling, I presented it; to the needle, expecting 
that the fire might have oxygenated the calx 
of iron 80 far as not to let it act any longer upon 
the needle; but the attraction appeared to be ot 
the same degree it was before the heating. 


It seems therefore clear, that the magnetism 
acquired by biss when hammered, is not owing 


to iron contained in it; and consequently, that 
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magnetism, or the power of being attracted by, and 
attracting, the magnet, may exist independent of 
iron. | | 
Experiment xl. A small 8 iron was 
mixed, by means of the blow-pipe, with about 
four times its weight of such brass as would not 
become magnetic by hammering. The whole 
. globule weighed about two grains, and it attracted 
the magnetic needle very powerfully. I then 
melted this globule of brass and iron with about- 
fifty grains of the same sort of brass as had been 
used before. After cooling, the whole lump of 


brass appeared to have very little power upon the 
magnetic needle, every part of its surface attract- 


ing one end of the suspended needle, so as to let 
it just adhere to it when the air was not at all dis- 
turbed. But this weak and hardly perceivable de- 
| gree of magnetism was not increased by Hammer- 
ing! nor annihilated by soſtening. 
In this experiment, I thought to have fused and 


e together brass and iron; but some | 


subsequent trials gave reason to believe, that the 


iron is concealed in some part or other of the 


melted brass, rather than equably diffused through 
tlie substance of the latter; and the principal rea- 
on for this supposition is, that when those pieces 
of. wired metal are tried ee. the quicksilver, 


F 
. 


« 12 
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7 


It must here also be observed, that having re- 
peated most of the preceding experiments, by 


examining the pieces of brass upon quicksilver, 


and presenting the magnet to them, instead of 


presenting them to the needle, the result was, 


that very seldom a piece of brass occurred, which 
was not affected by the magnet; and even when 
they were not affected by it, their indifference 
was not very elcar and decisive; and indeed there 


are very few substances in nature, which, when 


examined by this means, are not in some degree 
attracted by the magnet; so general is the disper- 


sion of iron, or such is the tendency which most 


| bodies have towards the magnet. 
Such brass, which in the former experiments 


nd to have no magnetism naturally, nor to 


acquire any by. hammering, was now found to be 
mostly magnetic, though in so small a degree as 


to be discoverable only when floating upon quick- 


ilver; but those pieces of brass which naturally 


had not any degree of magnetism sufficient to af- 
fect the needle, nor acquired any by hammering, 
but yet shewed some tendency towards the mag- 


net when floating upon quicksilver, never, or very 


seldom, had that tendeney increased by hammer- 


br bas: 45 | | 
It is now proper to collect, under one point of 


view all the observations that have been deduced 


from the foregoing and other experiments relating 
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to the magnetic en of brass. It appears 
therefore, 
Ist. That most TO bleme CTY by 
hammering, and loses the magnetism by annealing 
or softening in the fire, or at least its magnetism 
is so far weakened by it, as afterwards to be only 
discoyerable when set afloat on quicksilver. 
2dly. That the acquired magnetism is not owing 
to particles of iron or steel imparted to the brass 
by the tools employed, or eee mined with 
the brass. 0 
adly. Those pieces of bane which have that 
property, retain it without any diminution after a 
great number of repeated trials, vis. after having 
been repeatedly , hardened and softened. But I 
have not found any means of giying that rer 
to such brass as had it not naturally. 
Athly. A large piece of brass has generally a 
magnetic power somewhat stronger than a smaller 
piece; and the flat surface of the piece draws the 


+ needle more forcibly than the edge or corner of it. 


Sthly. If only one end of a large piece of brass 
be hammered, then that end alone will disturb the 
magnetic needle, and not the rest. 

Gthly.. The magnetic power which brass acquires 
by hammering has a certain limit, beyond which 
it cannot be increased by farther hammering. This 
limit is various in pieces of brass of ont thick- 
ness, and likewise of different quality. 
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; 7thly. Though there are some pieces of brass 
. which have not the property of being rendered 
magnetic by hammering, yet all the pieces of 
magnetic brass, that I have tried, lose their mag- 
netism, so as no longer to affect the needle, by 
being made red-hot; excepting indeed when some 
pieces of iron are concealed in them, which some- 
times occurs; but in this case, the piece of brass, 
- after having been made red-hot and cooled, will f 
attract the needle more forcibly with one part of 
its surface than with the rest of it; and hence, by 
turning the piece of brass about, and presenting 
every part of it successively to the suspended mag- 
netic needle, one may easily discov in wow you 
of i it the iron is lodged. | . 
Schly. In the course of my experiments on the 
magnetism of brass, I have twice observed the 
. following remarkable circumstance:—A piece of 
brass, which had the property of becoming mag- 
| netic by hammering, and of losing the magnetism 
by softening, having been left in the fire till it was 
partially melted, I found, upon trial, that it had 
lost the property of becoming magnetic by ham- 
maeering; but having been afterwards fairly fused in 
a crucible, it thereby acquired the property it had 
originally, viz. that of "ROY magnetic by 
en, 
' Othly. I have likewise often a that a 
long continuance in a fire so strong as to be little 
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short of melting-hot, generally diminishes, and 


sometimes quite destroys, the property of becom- 
ing magnetic in brass. At the same time, the 
texture of the metal is considerably altered, be- 
coming what some workmen call rotten. From 
this it appears, that the property of becoming 
magnetic in brass by hammering, is rather owing 


to some particular configuration of its parts, than 


to the admixture of any iron; which is confirmed 
still farther by observing, that Dutch plate brass, 
which is made not by melting the copper, but by 
keeping it in a strong degree of heat whilst sur- 
rounded by Japis calaminaris, also possesses that 
property; at least, all the pieces of it, which I 
have tried, have that property. | 

From these observations it follows, that when 
n is to be used for the construction of instru- 
ments wherein a magnetic needle is concerned, as 
dipping needles, variation compasses, &c. the brass 
should be either left quite soft, or, it should be 
chosen of such a sort as will not be made magne- 
tic by hammering; which sort, ors; does not 


occur very * dene 
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CHAPTER III. 


EXAMINATION OF THE MAGNETIC PROPERTIES 
OF SOME OTHER METALLIC SUBSTANCES. 


Tux result of the experiments on brass induced 
me to examine other metallic substances, and es- 


pecially its components, viz. copper and zinc; 


though the result of the experiments has not been 


very remarkable, excepting with platina, which 


metal has properties in great measure analogous to 


those of brass. 
HFlaving examined various pieces ; of copper, by 


means of the suspended magnetic needle, and 
having never found them magnetical, except only 


sometimes in such places which had been filed, 


and where some particles of steel might have been 
leſt by the file, I next proceeded to hammer some 


pieces of it, not only in the usual way, put like- 


wise between flints: the result, however, was very 
dubious; for thbugh, in general, they had no effect 


whatever on the needle, yet sometimes I thought- 


the needle was really attracted by some pieces of 
hammered copper; but then this attractive power 


was 80 exccedingly small, as not to be depended 
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5 
Zinc, either not hammered, or hammered as far 


as could be done without breaking it, shewed no 
signs of attraction whatever, when presedted to 
the magnetic needle. Neither had a mixture of 
zinc and-tin any action upon the needle. ? 
A piece of broken reflector of a telescope, which 
consisted of tin and copper; a mixture of tin, 
zinc, and a little copper; a piece of silver, both 
$oft and hammered; a piece of pure gold, both 
soſt and hammered; a mixture of gold and silver, 
both hard and soft; and another mixture of a great 
deal of silver, a little copper, and a less quantity of 
gold, either before or after hammering, had not 
the. least action on the magnetic needle. 
Nickel is a metallic substance, which has been 
suspected to possess some degree of attraction to- 
wards, the magnet, independent of iron; and this 
suspicion has been founded upon observing, that 
nickel retained its magnetism after having been 
repeatedly purified. * There are, however, - per- 
sons who have denied the magnetism of purified - 
nickel; and I have seen some pieces of it which 
did not in the least affect the magnetic needle. It 
is probable that those pieces were not pure nickel, 
and perhaps some cobalt was contained in them; 
but see no reason why the nickel, when alloyed 
- with a little cobalt, should shew no attraction to- 


* See Kirwan's Mineralogy, p. 342 and 367. 
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* 


"HONEY the magnet, if that property. did really be- 
long essentially to it. 


Platina was the metal I examined last, and the 


experiments made with it seem to deserve parti- 
cular attention. 


Experiment 1. A large piece of platina, which, 
after having been precipitated from - its solution in' 


agua regia, had been fused, or rather concreted to- 
gether, being presented to the suspended magnetic 
needle, shewed not the least sign of magnetism. 
It was then hammered; but after the third or 
ſourth stroke of the hammer it broke into many 
pieces, several of which being tried, shewed no 


attraction, nor could any of the finest particles be 


attracted by the magnet presented very nearly over 
them. The broken surface of this piece of platina 


was full of cavities, some of which were large and 


— 


others just digcernible; and altogether the metal 
seemed to have undergone an imperfect fusion. 
Experiment 11. The grains of native platina 
were examined next, by putting a. magnet just 
orer them; but the magnet attracted not above 
ten or twenty particles out of about half an ounce. 
ol platina; and those which were attracted. bad 
| little or no shining metallic appearance, like the 
rest, and were exceedingly small. 


Experiment 111. Having picked out several of 


the largest grains of platina, I presented the mag- 
net to them; but they were not in the least at- 
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- tracted by it. One of FPS grains was then barn- 
mered; by which means, after about eight or ten 
Strokes, it was spread into a plate about a tenth of 
an inch in diameter, and nearly circular; after- 
wards, the magnet being presented to it, the for- 
mer attracted it from the distance of about one- 
twentieth of an inch. The other grains being all 
hammered one after the other, were rendered by 
it so far magnetic as to be attracted by the magnet, 
and to disturb the magnetic needle when presented 
to it. But there were some among them which 
acquired .no magnetism at all, though they had 
been purposely bammered much PAs than the 
others. | 
As far as I could Are tho pieces which 
would not acquire any magnetism by hammering, 
had not a very shining appearance before the 
hammering, though afterwards they could not be 
distinguished from the others by their appearance; 
and they seemed not to spread under the hammer 
80 easily as the others. 1 
In general, three or four strukes ure sufficient 
to render a grain of platina evidently attractable 
by the magnet; but about ten strokes yu it the 
full power it is susceptible 55 
Erperiment 1v. Those grains of platina, which 
in the preceding Experiment the hammering had 
rendered capable of being attracted by the magnet, 
being put upon a charcoal, were made red- hot by 


NEW EXPERIMENTS. 241 
means of a blow-pipe; and afterwards, being pre- 
sented to the magnet, and likewise to the sus- 
| ayes needle, they shewed not the least sign of 
attraction. 
as brass, of the property acquired by hammering. 
A second hammering rendered them again attrac- 
table, though not 80 quickly, nor in so great a 
degree, as it had done the first time. However, 


it must be observed, that the pieces of platina, 


having been rendered flat and thin by the first 
| hammering, could not be so easily struek, nor 
: 38560 much more by the second. 
Experiment v. When the grains of platina 
were examined by the magnet, whilst floating on 
the surface of quicksilver, almost every one of 


tbem was attracted in a small degree; and this 


: attraction was generally somewhat increased by 
the hammering, even in those which had it never 
increased so far as to attract the magnetic needle. 
If it be true, as those experiments seem to prove 
beyond a doubt, that the power of being attracted 
by the magnet may exist, or may belong to other 
substances, independent of iron, it must follow, 
that the attraction of a few particles of any un- 


known substance by the magnet is not a sure sigu 
of the presence of iron. Hence those substances; 


which hitherto have been considered As containing 

eee particles, for no other reason, but be- 

Cause the magnet attracted them i in a small Segree, 
$ 


Heat therefore deprives them, as well 
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must be considered as FR TEAR and the "RPM 
sion of the existence of iron ought not to be ad- 
mitted, except when those partieles, which have 
been separated by the magnet, appear to be iron 
by some other trial; for though it be true, that 
iron is always attracted by the magnet, yet it does 
not hence follow, that whatever is attracted by the 
magnet must be iron. 441 400 
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5 no EXPERIMENTS 40 OBSERVATIONS RELATING 
, | ro TE ATTRACTION BETWEEN PERRUGI- 


vous SUBSTANCES AND THE MAGNET, IN 
THEIR me srarke OF  BXISTENOE. | 


5 17 is ieee well extabliched i in mie, 
; that soft iron, or soft steel, acquires magnetism 


very caslly, and loses it with equal facility; but 
that hard steel acquires that power Vith düfleuliy, 
| aud afterwards retains: it -obstimately.. From tbe 
cConsideration of bose (properties, J wos led to 
_  - *, imagine; chat if a piece of «teal; bib, ndl hot, 
were placed between magnetic! bars, and wbilst 
tanding in that situation cold water were to be 


r 


great degree of magnetic power to the steel When 
rod-hot, and consequently soft, which power - 
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waddenly poured upon it, so üs to harden it, there 


might, perhaps, he obtained an artificial inagnet 


much more powerful than what ean be produced 


in the ordinary way; because the magnetic bars 
employed for such purpose would communicate a 


would be fixed upon the steel by the hardening. 
In order to put this project to the trial, six 


magnetic bars were 80 disposed, in uti oblong 
. earthen vessel, as that the north poles of three of 
them might be opposite the south poles of the 


three others, forming two parcels of bars, ly ing iii 
the zame direction, and about three inches asun- 
der, which was nearly the length of the steel bat 
which was intended to be rendered magnetic. 


Things being thus disposed, the steel bar was made 


quite red-hot, and in that state was placed be- 


twsen the magnetic bars; after which, cold water 
was immediately pouted upon it, which rendered it 
o hard as not to admit being filed: its magnetism 


was found to be considerably strong, but by 10 


| « 


means extraordinary. From repeated trials with 
steel bars of different sizes, and hy using a greater 


or less number of magnetic bars, I found that 


short steel bars acquire a proportionably greater 
degree of magnetism, by this method, than these 
which were longer; that che magnetisttr in the 
6 oporkionabl W 2 
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cipally because the artificial magnets, hong placed 
at their extremities, have very little power on 
those parts of the pieces of steel which are nearer 
its centre; and, lastly, that when, in order to re- 
medy the just- mentioned inconvenience, more 
magnets are placed nearer the middle of the steel 
bar, then this piece of steel genetally ques 
many successive magnelio poles. Barn G br. 
Upon the whole, it seems that though his me- 
elne be not sufficient to communicate to 
steel bars an extraordinary degree of magnetism, 
yet it may be gf, great use in construeting large 
artificial e for, if those bars, instead of 
being hardened; in che usual Way, by plunging 
them, when red-hot, in water, be hardened. whilst 
standing between powerful magnets, they will 
thereby acquire a considerable degree of magnetic 
power, without any additional trouble to the work- 
man. They may then be polished, after which 
they may be rendered more strongly magnetic by 
the usual method of touching them with other 
magnetic bars; whereas it is a very laborious ope- 
ration to render, magnetic large bars of hardened 
steel from the very beginning, . ME mw 
have none of that power. 
Inf the course of p performing, ern IR Iefre- 
- quently obseryed, that the pieces of steel, -whilst 
_ they were redahot, seemed not to be attracted by 
the nee 40 nde least phonk, and ram the 


** 
* 
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pouring of the water, could remove them-from the ; | | 
proper situation, which rather surprized me; be- Us 
cause it has been asserted by some authors, that 1 
| the magnet at:racts red-hot iron as Well as cold. 1 
Kircher especially says, that he tried the experi- 9 
ment, * and found that the piece of iron, heated 16 
80 as to be hardly discernible from a burning coal, 4 
was attracted by the magnet as easily as when is 

cold; and he even assigns a reason why the power bt 
of a magnet is destroyed by a great degree of heat, l 
whereas the red heating of the iron will not pre- 55 
vent its being attracted by the magnet. The rea- i | 
Son he gives is, that the fire corrupts and calcines 1 
the magnet, but purifies the iron. The following 1 
ene were made in order to ascertain this : i 
| I kepta Ws af 905 ur he Wa till it was quis 9 
red-hot, and in that state presen ted the magnet 1 
do it, so as to touch it repeatedly in various places; Hl 
but no sign of attraction could be perceived be- ad 
fore the redness disappeared. | I mean, however, | | ö 
such redness as may be evidently seen in the clear 4 
day light; for, as was shewn by other experiments, | 20 
when the magnet begins to attract the heated 7 
iron, the redness of the latter can stil be seen in 99 
the dark. 4 * 
* De Magnete, lib. i. p. 2, theorem Xxxi. 4 
85 BM 
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Having repeated the experimant with different 
pieces of iron and of steel, the result was con- 
stantly the same, viz. whilst the iron or steel re- 


mained quite red-hot, or white-hot, the magnet 


did not attract it; but the attraction began when 


| the degree of redness which is clearly perceivable 


in the day-light began to disappear; and it was as 
strong as ever when the iron was cooled a little 


more than when the redness quite disappeared in 
the dark. In regard to this limit, or maximum of 


_ attraction, I think 1 have observed, as well as the 
nature of the experiment would permit, a diffe- 
rence between steel and iron; which is, that in 
the steel the maximum of attraction ſollows the 


; disappearance of the red heat sooner than in i iron. 


This experiment is subject to two sources of 


wistake, which perbaps misled Farther Kircher, 


and which it is necessary to mention, for the sake 


_- of others who wish to repeat it. The first is, that 


when a piece of iron of no great extent is red-hot, 
or even white-hot, in one place, and below a = 


| heat in, other parts, the magnet vill frequent] 


attract it, though the red- hot side be presented N 
it. The second cause of mistake is, that when a 
small piece of iron or steel, as a common sewing 
needle, is made red-hot, and is then presented to 


the magnet, if the magnet touch it, the contact 
= , 0098 it er below, the weber 1 195 of 
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heat, and of course the attraction takes place. It 
is owing to this last cause, that I have not yet been 
able to ascertain, whether the attraction between 
the magnet and the iron be quite annihilated, or 
only diminished to a great degree, by rendering 
| the iron red or white hot; so that I can only say 
with certainty, that a magnet will not attract a 
certain piece of iron red-hot or white-hot; where- 
2s it will attract another piece of iron, at least fifty 
times bigger, if it be cold, or below a red heat. 

Io try this experiment in a different and more 
convincing manner, I heated a large iron nail till 
it was white-hot, and in that state placed it upon 

an earthen support, near one pole of the magnetic 


eee not in the same direetion, but 


on one side of it. Then, looking attentively on 
| the graduated. circle of the compass, I observed, 
that the needle was not in the least moved from its- 
natural situation, whilst the nail remained red- 
8 bat, as soon as the redness began to disap- 
peur, the needle advanced towards the nail, and a 
. few seconds after the” needle PE e 
wards i it. | 

I tried whether, in this experivhent, any diffe- 

- TEfice was oceasioned by the magnet's being na- 
tural or artificial; but, as it 6 ve AS 
there was none. | 
In pursuance of those magnetic experiments 

wherein heat is concerned, I tried the effects 
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which took place EFT the magnet was heated; 


but, as the diminution of its power by heating, 
and an increase of it by cooling, were observed 
and described by the late Mr. Canton,* I shall 


only add a circumstance, which may perhaps be 


new. It is, that an artificial magnet, after hav- 


ing had its power diminished by heating, does not 
recoyer it entirely again by cooling; having con- 
stantly found, that the magnets which had been 
heated, after cooling would never hold so great a 
weight of iron as they did before. The heat to 


which those magnets were exposed never exceeded 


that of boiling water. This was rendered n more 


evident by.the following experiment. 


A magnetic bar was placed in an earthen vessel, 
at some distance from the south pole of the needle 


of a very good compass; by the action of which 


magnet, that end of the needle was drawn several 


degrees from the magnetic meridian, or from the 


direction in which it stood before. In this situa- 


tion of the apparatus, boiling water was poured 


into the vessel wherein the magnet stood, in con- 


8 sequence of which the needle went back two de- 


grees and an balf. Some time after, when the 


water was quite cold, the needle was found nearer 


the EE water was pine into the * 


\ 


, 


to the magnet, but not so near as it stood before 


| 


. * Phil. Trans: vol. ll. 7 
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Next to the effects of heat, I was desirous of 
5 trying what could be effected by decomposing the 
iron; and for this. purpose an earthen vessel, con- 
taining about two ounces of iron filin gs, was placed 
near the south end of the needle of the compass, 
by which the needle was drawn a little out of its 
natural direction. Having marked where the. 
- needle now stood, some water first, and then some 
vitriolic acid, were poured upon the filings, which 
| occasioned a brisk effervescence, and a' copious 
production of inflammable air; but soon after the 
beginning of the effervescence, I was surprized to 
| observe, that the needle came nearer to the vessel, 
shewing that the attraction between the needle 
and the filings had been increased by the action 
of the vitriolic acid upon the latter, which is con- 
trary to what could have been expected; for if we 
consider that the power of a magnet is diminished 
by heat, and that red hot iron has either no at- 
traction at all, or an exceedingly small degree of 
it, towards the magnet, we might have concluded 
that the action of the vitriolic acid upon iron 
would immediately diminish its attraction, besides 
5 the other strong reason, arising from the ox y- 
genation of the iron occasioned by the efferves- 
cence; and in fact, some time after, when the 
violence of the effervescence, and of course the 
production of inflammable air, begins likewise to 
| a and at last, when the efferyescence i is 


7208 


4 


3 
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hardly perceptible, the needle is ſound to stand 
farther from the vessel containing the filings, &e. 


than it stood before the vitriolic acid was added; 
which diminution of attraction is certainly owing 
to the oxygenation; it being well known, that 


iron is less and less attracted by the magnet, 


in proportion as it approaches nearer to the cal- 
_ cined state. Ig 

As a single experiment ought not to be de- 
pended upon, when an error may be occasioned 


by many concurring circumstances, I repeated 


__ this experiment with great precaution, taking care 


that nothing might shake the needle, or the rest 
of the apparatus; but the result was nearly the 
same, the attraction between tbe i iron filings and 
the needle being at first increased F< the action 
of the vitriolic acid. | 

In order to ascertain that this effect was not 
owing to the beat generated by the effervescence, 


; the pot with some iron filings was placed near the 
magnetic needle, as before; then some boiling 


water was poured upon the. filings, which heated 


them much more than the diluted vitriolic acid 
' could have done; but the magnetic needle. was 


not moved in the least from its original situation. 
The suspicion which occurred next was, whe- 


tber the effervescence might not agitate the iron 
- filings, so as to bring a greater number of them 
to that side of the vessel which stands contiguous” 


/ 
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0 


to the magnetic bende In ander to. obviate this 


' objection, the experiment was repeated with a 


single piece of steel wire, twisted in various direc- 
- tions, so as to be admitted into the pot; in which 
ease, the metal presented a large surface to the 
acid, and it was not subject to be moved by the 
effervescence. The result was similar to that ob- 
served with the filings, vis. the attraction was 


increased by the action of the acid on the wire: a 


and here follows the ee account of the 


experiment. 
About six yards of clean abs wire; somewhat 


less than one-fiftieth of an inch in diameter, being 


twisted in various directions, was put into an 
earthen vessel, which was placed near the south 
end of the magnetic needle, which in consequence 
ol that was drawn from its natural situation, vix. 
from 281” to 2807. After adding the diluted vi- 
triolio acid, a strong effervescence commenced, 
and the needle came to 2792 47“. About five 
: minates after, it stood at 2799 357; five minutes 
after this, it stood at 279 30. And a little after 
this observation, it appeared to be somewhat 
vearer to the pot than the above-mentioned point. 
The experiment was then discontinued, and on 


removing the pot, the needle went back to its 
original situation, viz. 281% whieh shewed, that 


A 


118 en during the process was oceasioned by 
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- -the action of the _ oh 1 n and not by any 


enxtraneous cause. 5 


On n bes wire was found only 
Maichenod: on its surface, but not nearly con- 
sumed; I had, therefore, the curiosity of trying 
the same wire again; and aceordingly it was placed 
in the same vessel near the magnetic needle, 
- which attracted the latter from its original situa- 
tion 281” to 2807. After having added the acid, 
the needle came nearer, as in the preceding expe- 
| riment; and a short time after it stood at 2797 300, 
at which time the pot was removed, there being 
no occasion to continue the ene any 
longer. = . 
On pouring the Cogn out of the pot, the-wire 
did not appear to be much wasted, The pot was 
then replaced near the needle, 80 as to attract it 
a little, as before; but on pouring boiling water 
upon the wire, a pretty brisk effervescence took 
place, and the needle was in consequence attracted 
still nearer. This experiment shewed, that though 
the diluted acid had been poured out, yet there 
remained a quantity of it adhering to the wire, 
which was sufficient to renew the effervescence, 
when assisted by the heat of boiling water. 
Upon the whole, it appears, that the action of 
vitriolic acid upon iron or steel increases their at- 
traction towards the magnet; that this increase of 


. 
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action has a limit, after which it begins to de- 
crease; and that this limit seems to come sooner 
when iron, than when steel is used; but, however, 
with regard to this last particular, I am not yet 
quite certain, since, in the experiments hitherto 
: made, the variety in the shape or bulk of the i iron 
or 8teel may have occabioned a eqpuiderable diffe- 
rence. _ . 
After the result of done experiments, it was 
optural to examine the effect ,whigh: other acids 
mighichave on iron and steel; therefore the above- 
mentioned experiment of. the steel wire was re- 
peated with nitrous, instead of vitriolic acid; the 
rehult of which was, that the attraction between 
 th&,,magnetie needle and the wire vas, increased, 

hut not so muebh as iy hen vitriolic ad had been 
used. The maximum of the attraction seemed to 
aalmne gooner when nitrous than when vitriolie acid 
eused; after which limit the attraction decreases 


3 much faster in dhe former than in the latter case, 


whiqh is eyidently wing to the metal being more 
easily oxygenated and I; b * nitrons 

than hy the vitriolie acid. r e 

y» The marine acid was ela 108 N 
standing all the precautions I could take, it al- 
ways occasioned a very weak effervescence, and 
the needle was not in the least affected by it. 
A strong effervescence Seems necessary to in- 
orease oe attraction between the magnet and i iron 
or steel. 
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Tas followings euperlment will shew, that's Wer- 
ceedingly $mall quantity of iron will render & body 
capable of being sensibly attracted by the magnet. 
| Having ebosen a piece of Turkey stone, Owhich 
weighed about an oenee, Lexamined it by k wery 
sensible magnetic needle,” and it did not shewi the 
least degree of attraction, the needle not being 
moved fro its usual direction by the vieinity of 
any part of the surſabe of the stone; I then 
1 weighed 4 piece of steel, with aipdir of (cates that 

turned with the twentieth-part of a grain, and af- 
_ terwards drew ome <n@ of it over the surface of the 
stone in Various directions This done, the piece 
of steel was weighed! again and was found to have 
lost so small a part of its weight as not tobe dis- 
cermible by that pair of scales; yet the Turkey 
stone, - which had acquired only that small quan- 
tity of tee], affected GE n needle * 
sensibly. 53 

Chentstey seems not to afford any 1 means vy 
wich 80 emal a 3 of iron _ be deoi- 


N i 
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aively detected in a body that weighs one ounce. 
Hence it follows, that though no iron can be dis- 
covered in a body by chemical methods, yet it 
should not be concluded, that the said body, if it 
affect the magnetic needle, does not owe its mag- 
| netism to some small quantity af iron concealed i in 
its substance. 


Having examined the magnetism which iron 


; acquires from the earth by mere position, in bars 
of various lengths, I always found them possessed 


. only two poles, even when the bars were about 


twenty feet in length; one half being possessed o 
one polarity, and the other half of the contrary 
polarity. Sometimes, indeed, I found more than 
two poles; but then the bar was not of a uniform 
nature, and its poles were not easily reversed 7 
| inverting the Position of the bar. 

Akter having thus related the result of experi- 


ments, I may be permitted: to add a few thoughts 


concerning the application of those observations 
towards accountin g for the variation of; the mag- 
netic needle. AE ARTE W 


This mandate =: IHE 1 since it was 5 
firs discovered, employed the thoughts. of very 


Fo able philosophers; many hypotheses having been 
offered, not only for its explanation, but even to 
foretel the future variations in various parts of the 


world. I need not detain my reader with a parti- 


cular history of those hypotheses; but shall only 
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observe, in general, that neither have their predio- 
tions answered, nor were any of them founded 


upon evident principles. The supposition of a 


large magnet being inclosed within the body of 
the earth, and of its relatively moving with respect 
to the outward shell or erust; the supposition of 
there being four moveable magnetic poles within 
the earth; the hypothesis of a magnetic power, 
partly within and partly without the surface of the 
earth; together with several other hypotheses on 
the same subject, are not only unwarranted by 
actual experiments, but do neither seem analogous 
to the other operations of nature. The late inge- 
nious Mr: Canton, F. R. S. was the first, who 
endeavoured to account for the daily variation of 
the magnetic needle, by the heating and cooling 
of the magnetic bodies in different parts of the 
earth's surface; which was in consequence of his 
having first observed, that the action of the mag- 
net on the needle was CRE nn and 
 inpreaged by cooling.*. nud | 

Following Mr. Canton 8 Judtejoualimabod: of 
deriving” the explanation of natural appearances 
from properties actually proved by experiments, 
think that the increase and diminution of mag- 


netis. attraction, by heating and cooling of the 


maden, as olverved: OY Mr: Canton, together 
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with the result of the experiments described in 
the preceding Chapter, seem fully sufficient to 
account for the general variation of the needle. 

If we collect under one point of view all the 


causes hitherto ascertained, which can increase or 


diminish the-attraction between magnetic bodies, 
we shall find, that the attraction between the 
magnet and iron, or between magnet and mag- 
net, is increased by cooling, by a regeneration of 
iron, or metallization of its calx, and, within cer- 
tain limitations, by the action of acids upon the 
iron; that this attraction is diminished by heating, 
and by the decomposition of iron; and, lastly, that 
it is probably annihilated by a very great degree 
of heat. . 
These truths being tak it must be consi- 


dered, first, that according to innumerable obser- 


vations and daily experience, the body of the earth 
contains almost every where ferruginous bodies in 
various states and bulks. Secondly, that the mag- 


netie needle must be attracted by all those bodies, 


and its situation or direction must be determined 


by all those attractions considered together, wiz. 


from their common centre of action. Thirdly, 
that by removing or altering the degrees of attrac- 
tion of some of those bodies, which are situate on 
one side of the magnetic meridian, more than of 
those situated on the other side, the above-men- 
tioned common centre of attractions, and, of 
R : : 


* 
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course, the direction of the magnetic needle, must 
be altered, which, in fact, is the variation of the 
needle. And, lastly, that this alteration in the 
attractions of some of the ferruginous bodies in 
the earth must undoubtedly take place, it being 
occasioned by the parts of the earth being irregu- 
larly heated and cooled, by the action of volca- 
noes, which decompose or otherwise alter large 
masses of ferruginous substance; by earthquakes, 
which remove ferruginous bodies from their origi- 
nal: places; and we may add also by the. aurora 
borealis; for, though we are as yet Ignorant of the 
cause of that surprizing phenomenon, it is, how- 
ever, certain, that the magnetic needle has been 


frequently disturbed when the aurora borealis ap- 


peared very strong. 
The magnetic needle, dane, wing necessa- 


rily affected by these causes, and they appearing 
sufficient to account for its variation, it seems 
unnecessary to bare recourse to other hypothetical 
causes, which are not established on tue expo- 


Far bet rience. 


In order to exemplify this explanation of the 
variation in a familiar manner, I made the follow- 
ing experiment: four earthen vessels were dis- 
posed round the magnetic needle, two near its 
south, and the other two near its north pole, but 
not at equal distances. In one of those vessels 

ee was placed a en an ho” second 


* 


2 
1 
* 3,4; 
48 A 
= we — " 
*. + 


NEW EXPERIMENTS, 259 


contained several small bits of magnetic steel 


mixed with earth: and in each of the other two 


there were put about four ounces of iron filings. 
Things being thus disposed, and left undisturbed 


for about half an hour, the needle remained unal- 


tered. Then the pieces of magnetic steel and 
earth were stirred with a stick, in consequence of 
which the needle was agitated. After this, some 

| diluted vitriolic acid was poured apon the filings 
in one of the vessels, the action of which attracted 
the needle that way; but whilst the needle re- 


mained in that situation, some diluted vitriohe 


acid was poured upon the iron filings in the other 
vessel, which stood on the other side; in conse- 
quence of which, the peedle went back again to- 

| wards its former direction. Whilst the efferves- 
cences were going on in the two vessels, the mag- 


net in the first vessel was heated by means of 


boiling water, which occasioned another alteration. 
in the direction of the magnetic needle; and thus, 
buy altering the state of the ferruginous substances 


in the vessels, the needle's direction was altered, in 


9 evident i imitation of the natural variation. 
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LETTER TO THE AUTHOR. | 


- Dzar Sin, 


Wurx you was pleased to mention your having 
inserted, in your new publication on Magnetism, 
the general cases I had furnished you with, res- 
pecting the declinations of the magnetic needle 
which would result from every possible assumed 
position of the magnetic poles, supposing the 
earth to be one great homogeneous natural mag- 
net; I wish you had added, as an example of the 
last and most important case, the real state of the 
magnetical declinations about the middle of this 
century; whicb, from the best observations I 

could then procure, I had also committed to pa- 
per above twenty years ago. But I find it would 
I now come too late for your printer; and, upon 


— 
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farther consideration, I am of opinion, that it 
would be of much more consequence, if either 
yourself, or some of the other i ingenious Members 
of the Royal Society would take the trouble of 
comparing the maghe at observations made du- 
ring the different voyages, which by order of his 
present Majesty, were all undertaken and per- 
formed during the time I was abroad; and from 
the whole, together with such other helps as they 
might have access to, if one general chart, such 
as Dr. Halley' Sy Was now publighed,.. it, would not 
only prove a valuable' present fo Gür modern na- 
vigators, but might also furnish a material step 
towards the * of this curious and inte- 
resting subject. 

It is very remerkabfe,; tht when Captain Cook, | 
in his second voyage, orossed the line"of no org 
nation, which" passes through the continent of 
New Holland; tlie? declination of his compasses 
altered about 14% in two days runs again; in bis 
last voytige; though not 80 far south, the alteration 
of 'the-deelination, in proportion to the distance, 
Was greater than usual near to that hne. The 
dipping needle lixewise she ws ebnsiderable de- 
gree of ificlination upon this line.” I short, from 
various considerations it would appear, that if this 

Earth has the common properties” of '# natural 

magnet with only two poles; one of them must be 
Situated in this hne; and, though not within the 


5 | 
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- 608 of latitads. as Mr. Euler imagined, yet it may 
possibly be found not far from the 70%. If, there- 
fore, it appears practicable to sail to the 70® of 
sduth latitude, or beyond it, about the meridian 
of Botany Bay, keeping in east declination; and 
then to run westward, till the west declination be- 
comes evident; if at the same time they have a 
dipping needle on board, that without much trou- 
ble could give the magnetic inclination at sea with 
a tolerable degree of accuracy, and about a hun- 
dred weight of soft iron, with a good balance, 
1 cannot help thinking that some curious disco- 
very might be made. | 

The ingenious Mr. Maupartbiy in his letter to 
the late King of Prussia, on the advancement of 


the sciences, among other curious articles, having 
mentioned a northern voyage, adds, © to observe 


the phenomena of the load-stone, on the very spot 
from whence it is supposed to draw its original 


influence.“ But such voyages were not in the 


power of Frederic the Great. It is to our present 


\ 


| in the Philosophical . vol. Ixv. 


cio Sovereign that the world will ever be 
indebted for such noble, extensive, and disinte- 


rested discoveries. All access to the north pole 


having been proved impracticable, by the voyages 
ol Lord Mulgrave and Capt. Cook, it now only 


5 remains to bays determined, whether it is possible | 5 


* See the 3 of my Pas needle, Page 134; ; and 


- 


+>, » 


L £2 : 1 HS A x Ru 
444A — TN — LI 


? 


— 


. surrIEMENr. "4 


to come at the south 8 pole; ahich, for 
the, reasons already mentioued, seems at least 
more probable, if it be judiciously attempted. 
Along with this, I have sent you a few cursory 
observations on the declination, which J have 
always considered as the most important, as well 


as the most curious part of the subject of magne- 


tism. If you choose to publish them in your 
Appendix, you are not to consider them as com- 
plete or infallible: I only wish to take this oppor- 
- tunity of exciting inquiry into this very interesting 
subject; and when your Book comes to a second 


edition, I hope to have it in my power to commu- 
nieate something more ee on * head; 


for J ever Ns „„ fn 

Tos | Dear Sir „ 
NT - Your mos obedient. 

7 IF 

5% & 3 a "$1 17 18 Abl humble servant, 

ene 20 ee ob $50 1. Tonharn. 
* 9 N | 

It F 


d. That Fol which: I cball i call. the Atlantic 


ho 26 no declination, seems to take its origin 


from the north magnetic pole, and crossing the 
different meridians in a south- easter y direction, 


resembling in form the long lettgg 8, it trayerses 


the continent of North America, enters the Atlan- 
tic Ocean to the northward of Charles Town, and 


80 proceeds towards the south pole. Upon the 


— 
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west side of this line . is east declination, and 


upon the east side thereof, west declination z, which 
last gradually increases as you go to the eastward, 

till you get beyond the Cape of Good Hope, or 
about mid-way between the Atlantic and the East 


India line of no declination, where it amounts to 
1 about the latitude of 48* south; and then it 
erty decreases to the East-India line of no 


declination. 5 


Again, as you go t to the aa i of that Hin of | 


no declination, the east declination increases ra- 
y till you get to. the eastward of New Zealand, 
where it is upwards of 13” even in that latitude; 
but from thence as you proceed eastward, for 


about 40 in longitude, this declination appears to 
decrease; and again it increases till you are to the 
eeastward of Cape Horn; where, in the latitude of 


515 soutb, it amounts to 217 28“, and then gradu- 
- ally decreases to the Atlantic line of no declination 
aforesaid. . Upon the whole, it would appear, that 
these observations agree pretty nearly with the 

4th general case which I formerly sent you, except 


Z + 5 in that decreasing east declination to the eastward 
of New Zealand. But, admitting that the vast 


| body of water in the great Pacific Ocean, which 


cannot bave any magnetic properties, should have 
no effect in producing this irregularity, yet we 
are not to . even chat the solid parts of this | 
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E The magnetic Bethe alot at ben Gerlttes, or 
raries from the true north, differently in different 
pirts of the earth at ay one time: but likewise- 
in the same place this declination is different at 
different times: J would therefore call it, by way 


of ere the nen . the 7 


needle. We 


3d. At London aud x Piri Where thi hat ac- 


curate observations have been made, towards the 
Ntier end of the Sixteenth century (and we can- 


not pretend to much earlier observations) there 


was between 1 1 and 12? of eust declination, 
which gradually decreuscd; so that in less than 


an hundred years afterwards, there was r no decli- 
natiot at all ir! those places. From 1657 at Lon- 


don, and 1666 at Paris, at west declination began, 
and has ever since increased, gradually though 
Bot uniformly, or in the direct proportion of the 

mes; for such is the nature of the magnetic de- 


clination, that, like the apparent Tabtion of the 
"metimes slower, 


_ planets; sometimes it is faster, somet 
and at other times it is stationary; analogous also 
to the elongations of the inferior planets, at one 


my A 44 # 5 


time it is to the _ and ar another time to Vibe : 


West, Oy” 
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"PE OY may further observe, bad the declination 
lines of the same name, have always respectivelỹx 
eee London some years before the same lines 
arrived at Paris; and the like observations have 
been made in other parts of the northern bemis- 

: that is, in this hemisphere, the Halleyamt 

"Iles! bare regularly passed those places first which 
lay most westerly; and so in order, those which 
ia more to the eastward. For, in the latter end 
ol the sixtecnth, and the beginning of the seven- 
teenth K e there was an eastern declination | 

. over most parts of Europe, while on the coast of 
North America a west declination prevailed; the 
line 'of no declination being then situated about 
the Azores. This line of no declination bas 

"> ever since moved gradually eastward, the lines 
of eat declination receding before it, while | 
chose of the west declination have has 701. 
lowed i R 5 

Ay. In the scuthert i betnephere, however, 7. 
Vabdeite otherwise; for, about the latter end of the. 
sixteenth century, a line of no declination passed 

2 "nar: to the Cape of Good Hope, upon the east 

Ade of which there was west declination, and upon 
tlie west side thereof, east declination; each of 

5 Which declinations, in going castward or west⸗ 

P . ward, gradually increased to a certain degree, and 
tben i in the ame manner decreased to nothing, 
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dene to FM eastward of: Java, one of the 


East India islands. 
The declination in the Pacific, "Ray 1 a as 


; yet. (in 1775) been so fully ascertained; only i in 


general we find, that the declination is easterly 


over most part of that extensive ocean. The line 
of no declination, which was then situated a little 


to the eastward of the Cape of Good Hope, has 


ever since been moving to the westward, and the 
lines of east declination have gradually receded 


before it, while those of the west declination have 


ſollowed it with a proportional pace; so that, at 
5 the Cape of Good Hope there is now a considera- 
ble west declination (about 225% and the line of 


no declination has moved many degrees to the 


westward thereof. 


Ah. From the preceding 3 on, „„ 
plainly appears, that the Halleyan lines in the 
southern hemisphere do gradually move from east 


to west, while the motion of those lines i in the 


northern bemisphere is from west to east; and 


_ Here we shall rest the matter for the present. 


I just beg leave to observe, that in treating of 
this subject, I have all along only endeavoured to 


explain the manner in which magnetism acts upon 
this globe; yet, if the preceding conclusion is 
© admitted, vis. that the progressive motion of the 
| Hoes of declination f in the northern bemisphere i is 
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M i 1  FARLATION , 
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Oh - MAGNET 10 NEEDLE, 


tt r eke 571 "BY BY fe | 
I. LORIMER, N. D. | 
Communicated. by the same 1 


| Si quid novisti rectius. . 19 
| Eandidus ret: ei non, hic utere mecum. » 
5 * ; / F : 7 | 25 Heat. 2085 vi. lib 1. | 
Oe” -$RCTION 15 3 : 


Jo's we were to enter into the bistory of magnetizm, 
| the discovery of the maritier's compass, or even of 
that curious subject, the declination or variation 
of the magnetic needle, we should find that the 
eompass was known probably before the year 1181, 

and the variation at least as early as the month of 


August, 1269. Though the subject was not 


e to _ ki 90 e till 8 time of 


- 


* 


* Ses the e ele 8 a The Bee, | 


. xiſi. No. 3. Columbus discovered the variation of the 
compass in his first vouage, _ en M 
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Dr. Halley. The researches and observations of 
that ingenious gentleman have been of the utmost 
i service in navigation, however whimsical his the- 

ory may have appeared to some people. | 'Byy ahi 

8 ſor the present we pass qver. 

Sx cr. 11. On the principles of the 1 ingenious 

. Mr. Euler (See the Berlin Acts, volume for the 

year 1757) the declination of the magnetic needle: 
may in great measure be accounted for. That is, 


vopposing the magnetic pales of this earth to be, 


gat any one time since actual observations have 
been made on that subject, only two, but not 

Situated diametrically opposite to each other. See 
Cavallo s Treatise on Magnetism, p 93.) It is 
also well known, that the magnetic decdivstien; is 
ae different in different parts of the earth at 


* same time, but that in a course of years it 


also becomes different in the same place. Far- 

N that this declinatibn in the same place is 

not only different in different years, but even the 

1 afternoon declination is generally different from 
the forenoon declination of the same dax. 

15 - DBCT. 111. This subject appeared very unac- 
countable till the year 1759, when the late Mr. 
"Job Canton explained it in a. very ingenious 
manner; for, having found by experiment, that 

: - 2 heating a magnet it lost part of its attractive 

power, and by letting it cool it recovered. that : 

r Winz he likewise discovered, Io i ! ated t 


. 
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observations, A while the eastern parts of . 
earth were heated by the sun in the forenoon, and 
consequently had their magnetic powers dimi- 


nished, the needle generally inclined more to the 


westward, and that after the sun had passed our 


meridian, and the western parts of the earth began 
to be heated; while those on the east of the meri- 
dian were eooled, the declination of the needle 


was less westerly by several minutes, and that by 
next morning it had returned to its former posi- 


tion nearly. We say nearly, for, after a course of 
more than twelve months attentive observation, 
be ſound, that the declination was upon the whole 


increased of about ten or twelve minutes of a de- 


gree. That this increase was oceasioned by the 
dun's heat, appeared the more probable, as it took 


place mostly in the summer months; and during 


the winter months there was but 28870 46015408288 


as 1 from the TAs. table: * Vl 


The mean difference of e variation for each month 
SR the year > 


| anuary 5 HF — g” „ RI „ 14 
Februar.. . 8 58 August.. 12 19 

- March ....... al . . 1143 
April.. 12 26 October — 10 36 
E 1 November 0 9 
11 12 2 . 
3 5 8 1 


* Me. "£2 it ges, md in 605 days about 4000 ober 


5 vations on the subject, with an excellent variation compass about 


nine OY in : diameter, 'In MEE thoge 1 the variation was * 


5 morning, or westw-ard in the latter part of the aſternoon; al 


Lore since N attentive. observations have 


= Mr. Canton's opinion was, that when the variation 
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Sor. iv. 1 must be allowed, 3 to Mi 
"Ws observations of several ingenious gentlemen, = 
_ that the collective magnetism of this earth arises = | 
from the magnetism of all the ferruginous bodies „ 
therein contained, and that the magnetic poles —_— 
should therefore be considered as the centres of bi 
the powers of those magnetic substances. These 1 1 
| pole must therefore change their places according ni 
as the magnetism of such substances is affected; | 
and if, with Mr. Canton, we allow that the gene- iK 
nal cause of the diurnal variation arises from the 1 
sun's heat in the ſorenoon and aſternoon of the —_— 
same day, it will naturally occur, that the same 2 9 


cause, being continued, may be sufficient to pro- 
duce the general variation of the magnetic needle 
for : any number of years. For we must consider, 
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increases from about eight or nine o'clock in the morning till 
one or two in the afternoon, then becoming stationary for some 
time; after that returning back again to its former station in the 
night, or by next morning, it is regular. But he calls it- „„ —_ 
| galar, when the needle moves eastward in the hotter part of uu il 


_ when it moyes either way in the night, or suddenly, dis, when 3 
moves both ways in 2 short space of time. "The causes of those =. 
_ irregularities he attributes to ene N to * — 
{RO * ä 
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been made on this subject, the natural direction 
of the magnetic needle in Europe bas been con- 
stantly moving from west to east, and that in other 


parts of the world it has continued its motion with _ 


| equal constancy. 
_ -, SnerT. v. As we must „ therefore ao that 
the heat in the different seasons depends chiefly 
on the sun, and upon the whole, that the months 
of July and August will probably be found the 
hottest, while January and February are the 
coldest months of the year; and that the tempe- 
rature of the other months falls into the respective 
intermediate degrees; though from calculation 
we can Scarce. pretend to ascertain the absolute 
heat of any particular month or day; so we must 
| consider the influence of heat upon magnetism to 
operate in the like manner, via. that for a short 
time it scarcely manifests itself; yet in the course 
of a century, the constancy and regularity thereof 
| becomes sufficiently apparent. It would therefore 
be idle to suppose, that such an influence could 
be derived from an uncertain and fortuitous cause. 
But, if it be allowed to depend upon the con- 
staney of the sun's motion, and this appears to be 
a cause sufficient to explain the phenomena, we 
sbould, agreebly to Newton's first law of — 
Phizing, look no farther. 8 
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Scr. vi. As we therefore consider the mag- 
netic powers of the earth to be concentrated in 
the magnetic poles, and that there is a diurnal 
variation of the magnetic needle, these poles must 
perform a small diurnal revolution proportional to 
such variation, and return again to the same point 
nearly. Suppose then that the sun in his diurnal 
revolution passes along the northern tropic, or 


along any parallel of latitude between it and the 


|  £quator, when he comes to that meridian in which 
the magnetic pole is situated, he will be much 
nearer to it than in any other; and in the oppo- 


site meridian he will of course be the farthest from 


it. As the influence of the sun's heat will there- 


fore act most powerfully at the least, and less ſor- 


coibly at the greatest distance, the magnetie pole 


will consequently describe a figure something of 


the elliptical kind; and as it is well known that 
the greatest heat of the day is some time after the 


nun has passed the meridian, the longest axis of 


this elliptical figure will lie north-easterly in the 
northern, and south-easterly in the southern he- 
misphere. Again, as the influence of the sun's 
beat will not from those quarters have so much 
power, the magnetic poles cannot be moved back 
to the very same point from which they sat qut; 
| but to one which will be ua little more a.” 
and easterly, or more southerly and easterly, ac- 


an to the bemispheres 3 in which thay are si- 


2 2 


* 


276 | SUPPLEMENT. 


tuated. The figures therefore which they de- 
scribe, may more E be termed elliptoidal | 
$pirals.* | 

SECT. vII. In this mariner the Tu of 
| the magnetic needle in the northern hemisphere 
may. be accounted for. But, with respect to 
the southern hemisphere, we must recollect, 
that though the lines of declination in the nor- 
thern hemisphere have constantly moved from 
west to east, yet in the southern hemisphere, it is 
equally certain that they have moved from east to 
west, ever since any observations have been made 
on the subject. Is it possible, then, that the 
magnetic pole in the southern hemisphere can 
move from east to west, whilst that in the nor- 
thern hemisphere moves from west to east? —I 
think not. But we must consider this matter a. 
little more attentively. In the first place it must 
be observed, that in speaking of the declination or 
variation of the magnetic needle, we always refer 
to tbe north end of the needle only; thus, when 

the nth end of the needle n to the west of 


* + The nach am 4 may 1 this means ah 8 
| # with a slow but constant motion, more and more to the north- 
Eastward, till it arrives at the region of the greatest cold, which, 
by the bye, is supposed to be at some degrees distance from the 
natural pole of the earth. And * the other r 
e e ee Ü» - ; ; 


TP Hee Cavallo Theatise « on n, : 
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the meridian, we say it has so many degrees west 


variation, though the south end thereof points as | 


many degrees to the eastward. Again, when the 
north end of the needle points to the eastward of 
the meridian, we say it has east variation, though 


the south end points to the westward thereof. 


And the same language is used in the southern as 
in the northern. hemisphere; so that if the south 
magnetic pole, which governs the needle in that 
7  heinisphere, move to the eastward, occasions, as 
we say, the needle to have west variation; and on 


Poms the contrary, if 1t move to the westward, it makes 


what we term east variation. This therefore is 


the cause, on account of which the lines of mag- 


netie declination, or Halleyan curves, as they are 
ä | \ : 
now commonly called, appear to have a contrary 
motion in the southern hemisphere to what they 


baue in the northern; though both the magnetic 


1 poles of the earth move in the same direetion, that 
is from west to east. 

Sxcr. vii. This might be ade still more 

evident by a diagram, or by means of the mariner's 


* 


In the northern bemisphere there was a line of no variation, 


which had east variation on its eastern side, and west variation 


on its western side. This line evidently moved from west to 


ay east during the two last centuries; the lines of east variation 
moving before it, while the lines of west variation followed it 


with a, proportional pace. These lines first passed the Azores 
or Western Islands, then the meridian of London, and after a 
certain number of rears still later, they passed the meridian of 


#. 
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compass and a common magnet: and here we 


might rest the matter for the present, but I cannot 
help mentioning the idea of Dr. Gowin Knigtn, 


a gentleman undoubtedly known to have been 


D well acquainted with practical as well as theore- 
tical magnetism. His opinion was, that this earth 
- had originally received its magnetism, or rather 


that its magnetical powers had been brought into 
action, by a shock, which entered at. about the 
southern, and passed out at the northern tropic. 
His meaning appears to have been, that this was 
the course of the magnetic fluid, and that the 
magnetic poles were at first menen — 
to each otber. 

Sxer, Ix. In this . our intention bas all 
along been to avoid suppositions merely theoreti- 
cal; for we do not pretend to explain the causes 
of magnetism on any theory, however plausible. 


| Yet we have no qbjection to Dr. Knight's suppo- 
sition, that the magnetic poles might at first have - 


been opposite to each other; though, according to 


Mr. Canton's en, they would not have long 


| 


| Parke. But in the tons ee ow was another line 


of no variation, which had east variation on its western, and 
west variation on its eastern side; the lines of east variation 
moving before it, while those of the west variation followed it. 


TO This line of no variation first passed the Cape des Aiguilles, and 


then the Cape of Good Hope; the lines of 5®, 105, 130, and 205, 


west variation following it, the same as was the case in the 
n bemisphere, but in contrary direction. FO 
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continued so; for, from the intense heat of the 
sun in the torrid zone, according to the principles 
already explained, the north pole must have soon 
retired to the north-castward, and the south pole 
to the south-eastward. It is also curious to ob- 
erve, that on account of the southern hemisphere. 
being colder upon the whole than the northern 
hemisphere,* the magnetic poles would have 
moved with unequal pace; that is, the north mag- 
netic pole would haye moved farther in any given 
time to the north-east, than the south magnetic 
pole could have moved to the south-east. And, 
according to the opinions of the most ingenious 
authors on this subject, it is generally allowed, 
that at this time the north magnetic pole is consi- 
derably nearer to*the north pole of the earth, than 
the south magnetic pole is to the south pole of 
the earth. 


Charlotte Street, Sept. 30, 1794. 9 2 


5 P. S. Several ingenious sea officers are of opi- 
nion, that in the western parts of the English 


- 
. 


* It is well known, that in the course of the year the sun is 
for about eight days longer in the northern than in the southern 
- hemisphere; but, without entering into all the causes of this 
effect, it is here sufficient to observe that this fact has been in- 
e proved. 
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Channel the variation of the magnetic needle has 
already begun to decrease; having in no part of it 
ever amounted to 25%. There are, however, other 
persons, who assert that the variation is still in- 
creasing into the Channel, and as far westward as 
the 15th degree of longitude and the 51* of lati- 
tude, at which place 0 say that it amounts to 
ä n 300. N N 
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\'- EXAMINATION 


OF 
Ms, BENNET"s 
REMARKS ON SOME MAGNETICAL EXPERIMENTS 
| „ 5 
THE ATE. 


- 


8 


Bxxe, some years ago, desirous of i investigating 
the subject of magnetism, and of elucidating, if 
possible, some of the wonderful and inexplicable 
properties of iron and of the magnet, as well as of 
tome other bodies related in a certain manner to 


them, I made several experiments, which were 


; attended with a few remarkable, and till then un- 
observed effects. The account of those experi- 


ments is contained in two papers, the first of 


which was published in the 76th, and the second 
in the 77th vol. of the Phil. Trans. They were 
afterwards also published i in my Treatise on Mag- 


netism. Four years after, on the 26th of January 
1792, a paper of the Rev. A. Bennet, F. R. S. on 


the subject of magnetism, was read at the Royal 
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Ek Society, and was afterwards published in the Phil. 
Trans. for that year. In this paper, the author 
examines and contradicts the result of most of the 
experiments contained in my above-mentioned 
two papers. The improper reavoning displayed 
in Mr. Bennet's paper, the formal detail of inade- 
quate experiments, and the conclusions asserted 
in contradiction to the result of my experiments, 
might have perhaps demanded a speedy answer. 
But, such is my aversion to controversy, that, bad 
his assertions remained in his paper, I should have 
never taken any notice of them; on the supposi- 
tion, that any impartial person who may be de- 
sirous of examining this subject, seeing that con- 
tradictory propositions were asserted concerning 
the very same point, would form his judgment on 
the result of actual experiments, especially when 
they are neither difficult to be performed, nor 
expensive, rather than give credit to any particular 
assertion. Finding, however, that this is by no 
means the case, and having observed in several 
recent publications (as dictionaries of arts and 
sciences, reviews, abridgments of philosophical 
works, &c. the compilers of which cannot be ex- 
| pected to examine experimentally any contro- 
vefted subject) that credit is given to Mr. Bennet's 
assertions, and that the results of my experiments 
fall under the denomination of mistakes rectified, 
errors corrected by Mr. B. &c. I have, after ma- 
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ture consideration, thought it incumbent on me 


-briefly to shew, for the sake of truth, as well as 


for my own reputation, that whatever I have ad- 


'yanced in point of fact in the before- mentioned 


two papers is strictly true; that what I have of- 
fered as matter of opinion is conformable to reason; 


and that Mr. Bennet's assertions, in opposition to 
mine, are evidently erroneous. 


In my experiments I discovered a remarkable 


property of iron, which is, that its attraction to- 


wards the magnetic needle, or magnet, is increased 


to a certain degree by the action of vitriolic acid. 
The experiment, in short, is as follows: some 
pieces of iron, as filings, nails, &c. are put into 
an earthen pot, and the pot is placed laterally 


near one end of a sensible magnetic needle; in 
5 consequence of which, that end of the needle will 


be drawn away from its natural direction, and will 
approach the pot more or less, according to the 


quantity of iron and vicinity of the pot. In this 


situation, if diluted vitriohc acid be poured upon 
the iron in the pot, so as to occasion a brisk effer- 


vescence, the needle will be found to come nearer 


to the pot during some minutes, after which it will 


gradually recede. This increased attraction is 


more or less, according to the quantity, surface, | 


and vicinity of the iron, according to. the brisk- 


” pres of the efferyescence, Go, ® but with two or 


* See the Talis, p- 249, and following 
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| three ounces of iron filings, or with about six 
ounces of nails, x and a suitable quantity of diluted 
vitriolic acid, the needle may be expected to make 


a movement from about 15“ to half a degree. 


When I first observed this phenomenon, I na- 
< ally: suspected that the increased attraction 
might have been caused by a quantity of iron 
filings being brought by the violence of the effer- 
vescence nearer to that side of the pot which stood 
towards the needle; and to avoid this source of 
mistake, I tried the experiment with a single piece 
of wire instead of filings, and twisted the wire in 
various directions, so as to be admitted into the 
pot. This experiment was several times repeated 
then, and also very lately, and the iron was used 
in various forms, viz. nails, -turnings, pieces of 
wire, &c. but the result has been invariably the 
same, namely an increased attraction. 

Mr. Bennet says, that having repeatedly tried 
the above-mentioned experiment with filings, nails, 
and wires, he could never observe any motion of 
| the needle; he thinks therefore, that the effect 
observed in my experiments is owing either to the 
perpendicular height of the column of iron filings 
FE raised by the action of the vitriolie acid, or to the 


0 4 The 8 oft nails must be much greater than that of ; 
Slings, because the ſormer present a proportionably smaller sur- 
a W 1 
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magnetic polarity of the wire, © Now, (says he) 


a quantity of harpsichord wire, bent in a great 


number of directions, will possess in some parts 


a polarity attractive, and in others repulsive, of 


the south pole of the needle; and when placed in 
an earthen vessel, with its bottom somewhat above 


the needle, it attracts the south pole, first by 


those parts which have acquired a north polarity 
by bending; and this attraction is strengthened 


7 by position; and also position gives north polarity 


to otber parts, in other respects indifferent; then 
during the effervescence, the heat of the mixture 
dilates the wire, and in some places thereby bends 


it one way or other, which occasions it to acquire 


the magnetism of position, whence there must 
sometimes result an increased attraction. From 


these and other experiments it appears, that when- 


ever the particles of steel, (hard enough to be ca- 


pable of fixed polarity) are by any means dis- 


placed, they admit their natural magnetism to 


become rarefied and condensed by the influence a 


of the earth's magnetic atmosphere; and thus the 


| effect of electrical shocks on steel wires may be 


explained: but-it does not appear, probable, that 
the action of acids increases the magnetic attrac- 
tion of i iron, unless accompanied by. other circam- 

_  8tances, to which an increased attraction wy be 
more reasonably attributed.“ T 


0 Phil. Trans, for 1792, p. 95. 1 * 
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I 8hall not detain my reader with a formal exa- 
mination of every part of Mr. Bennet's reasoning, 
to shew that most of it is inapplicable to the pre- 
tent subject; but shall content myself with ob: 
serving, that he did not perceive the increased 
attraction of iron, when acted upon by vitriolic 
acid, in so much as he used a magnetic needle 
that was not sufficiently sensible for the purpose. 
As far as I can gather from bis paper, it seems 
that he used the needle suspended by a spider's 
thread, according to his construction described in 
the same paper, p. 89. This needle is described 

do be three inches long, and its motion is sBewn 
by a small ivory arch divided with a few degrees, 
and placed near one of its ends. The length of 
the needle being three inches, and allowance being 
made for a small length of hair, which was fasten- 
ed to one end of it, the circle, of which the divided 
ivory piece is an arch, cannot be more than 3+ 
inches in diameter; consequently, the length of 
ove degree in it is very nearly equal to r4zths of 
on inch, and the length of half a degree is rbsssths 
of an inch, or little more than one-hundredth part 
of an inch; and this is all the motion of the needle 


which be could possibly expect in those experi- 


nents Now, I leave it to any person at all con- 


| vergant with divided instruments, to judge whe- 


ther it was possible to discover 50 small a move- 
ment in an instrument, which, besides the mae | 
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ness of its size, has many other capital imperfec- 
tions, it being destitute of a fixed centre of mo- 
tion, of the subdivisions of a degree, and of a lens 
or microscope placed perpendicularly over its ex- 
tremity, which would be absolutely necessary to 
shew so small a motion as was necessary to be dis- 
covered in those experiments. I must therefore 
say, that Mr. Bennet's failure was owing to the 
insufficiency of the instruments, and that the 
proposition proved and asserted in the account of 
my experiments, is strictly true, and may be easily 
proved by means of proper instruments and very 
little attention; namely, that the attraction of iron 
towards the magnet is increased by the action of 
dilated vitriolic acid upon the iron. 

 - Mr. B. also repeated some of my experiments 
1 concerning the magnetism of brass; and, though 
be does not deny*the facts, yet he offers an expla- 
nation of their cause, which seems to be extremely 
improper, and it is therefore wee to she 
its defect. = _ 
I found that most brass 8 magnetic py 
being hammered, and loses that magnetism when 
zoftened by heat in the usual way. By becoming 
magnetic, I here mean nothing more but that it 
shevs an attraction for either pole of the needle, 
xe a piece of soft iron. The suspigion which 


ſ 


* Ses the Treatise on e p. 224, and following. 


- 
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naturally offered itself, on first Observing this phe- 
nomenon, was, that in the act of hammering, some 
particles of iron had been separated from the ham- 
mer, and had attached themselves to the brass. 
Tbis suspicion, however, was removed by finding 
that brass hammered between copper plates, or 
flints, acquired the same property as when ham- 
mered in contact with iron. The next suspicion 
was, that the brass contained some particles of 
gemicalcined iron, which by the action of ham- 
mering might perhaps have their metallic nature 
$0-far improved, as to manifest a sufficient degree 
ol attraction towards the magnet. With this idea, 
and in order to prove or disprove the supposition, 
J made a great number of experiments; but J 
could never succeed to imitate this property of 
brass on such pieces of it as had it not originally. 
I was, in consequence of those experiments, which 
may be seen at large in the before- mentioned 
papers, or in the Treatise, induced to conclude, 
chat the property of attracting the magnet, or of 
| being attracted by it, may exist independent of 
iron. Mr. Bennet, on the contrary, thinks that 
this property of brass is owing to some small quan- 
tity of iron, and that hammering renders it Sen- 
sible by giving it some degree of polarity, This, 
in my opinion, is an erroneous explanation; and 
| here follows my reasoning. - If the attraction of 
the particles of iron contained i in the brass be ma- 
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niſested or increased by their acquiring polarity, 
that attraction could not be exerted indifferently 

| towards either pole of the needle; for instance, 
when they attract the north pole, they ought to 
repel the south pole, and vice versa; but this is 
not the case with the attraction. of hammered 
brass, excepting in some particular cases, which 
need not be examined here. To this, one may 
answer, that though the particles of iron acquire 
5 polarity by "hammering, yet their poles lie in a 
confused order, and not all directed the same way; 
in consequence of which, when the south pole of 
the needle is presented to a certain part of the 
brass, the north poles of the iron particles attract 
it, and when the north pole of the needle is pre- 
. sented to the same part of the brass, it is then 
attracted by the south poles of the particles of iron. 
But it must be observed, that whenever two or 
more pieces of iron or steel are rendered magnetic, 
and are afterwards disposed in any order respect- 
ing each other, either their poles of contrary de- 
-nomination lie 80 contiguous to each other, as to 
balance their contrary tendency, -. in / which case 
those pieces will not shew more attraction than 
they did before they were magnetized; or their 
poles do not lie in that order, and then the in- 
creased degree of attraction in the aggregate of 
those pieces is always exerted towards one, and not 
both the poles, of the magnetic needle. 


- DESCRIPTION AND USE. 
V 


A NEW VARIATION COMPASS. 


Tux bulk and complication of the compasses ge- 
nerally in use for observing the variation of the 
magnetic needle. on land, were the principal rea- 
sons which induced me to contrive a simpler con- 
struetion, that might answer the same purpose; 
and I flatter myself, that the compass which I am 
now going to describe, and, of which I have had 
| sufficient experience, will be found to answer as 
well as any other of the best construction made 
before, and at the same time to be much simpler, 
smaller, and capable of being afforded by the phi- 
- losophical ee makers Jr a * rents | 
price. 
The . 1 a 2 of plate III, exhibit a verti- 
55 3 0 0 y, and a KEetignt of this ali nnen, the 
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ABD is a be . with a eirunlar brass 
piece cei screwed fast upon it. F GH K is a rim 


like wise of brass, that slides on the outside of the 


circular piece ces, and to which the flat glass M 
is fastened; so that when the rim is removed, the 
glass comes off with it. The shape of the needle 
is clearly indicated by the figures. It has a hole 
in the middle to receive the agate cap, which is 
| burnished into a brass socket, and is so situated 
into the needle, that the apex of its cavity does 
not rise higher than the surface of the needle; 
| hence the point of suspension upon the pin B is 
even with the upper surface of the needle. By 
this means, the pendulum-like oscillations cannot 


disturb the direction of the small lines marked on 


the extremities of this needle; to obtain which 
object in other constructions, a brass termination 
has been frequently adapted to each end of the 


needle; and those terminations were turned up- 


wards, so as to come even with the point of sus- 
pension, which was placed considerably . 
5 W the upper surface of the needle. 
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jecting a little way beyond the needle, has a screw 


cut on that projection, upon which another circu- 


lar piece of brass is screwed to fix it, as may be 

seen in fig. 2. It is evident, therefore, that when 
the last- mentioned pieee of brass is unscrewed, 
the socket with the agate cap may be put in on 


either side of the needle, and may be fastened on 


the opposite side of it. By this means a great 
source of error may be avoided, namely, what 


arises from the magnetical axis of the needle being | 


not in the axis of its figure, which is frequently 
the case; for, if the direction of this needle be 


observed with one side of it upwards, and then, 


the needle being turned, be observed again with 


the other side upwards, either the second observa- 
tion coincides with the first, and then we may 


conclude that the magnetical axis of the needle 


lies truly in its middle; or the observations. differ, 


and thence we shall know that the magnetica] 


axis of the needle is not in the axis of its figure; 


but, in this case we may have the real magnetic _ 


direction by taking a mean of the two observa- 
tions; or we may thereby ascertain once for ever 
how much the, line of direction of the needle devi- 


dates from its magnetic axis, which, when once 
ascertained, becomes a fixed quantity to be either 


subtracted from, or added to, any other observa- 


tion. Thus, for instance, suppose that! in the first 
255 eben d the needle | is ſound to your to 20" 10, 


Pl 
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shed separately. 2 — 
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and in the second observation, vix. when turned 


with the other surface upwards, it be found to 


point to 205 4', its true magnetic direction will be 


an arithmetical mean between the two observa- 
tions, vs. 20 10“. 

The upper side of the circular piece ce i is sil- 
vered, and divided into degrees and half degrees, 


but those divisions being too minute, are omitted 
in the figure. The bottom ABD has two pro- 


jections, A and D, opposite to one another, and 
on each of their chamfered edges a line is marked, 
which being drawn at the same time that the cir- 


cle ce i is divided by the circular dividing engine, 


coincide exactly with the commencements of the 


numeration of the degrees on the opposite sides 


of the circle, from which places the degrees run 


on both sides as far as 90%. The needle, there- 


fore, which lies with its upper surface even with 
the divided circle, points to the same degree and 
. of a degree with both its extremities. 

We come now to describe the method of mea- 
suring the parts of a degree on the circle, which 


in fact is only divided. into half degrees. This is 
obtained by means of the microscope, fig. 3, 


which is furnished with one of my mother-of-pearl 


eee The external construction of the 


* For the account of the micrometer, See the Phil. Trans, 
vol. lxxxi, or the description of the same, which 1 have pub- 
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microscope, {odd lkewise the manner of placing it 
perpendicularly upon the compass-box, are indi- 
cated by fig. 3, at Ni in fig. 1, and by the dotted 


lines at K in fig. 2. 
P is a short tube . by the uprights 
R, R, the lower parts of which project horizon- 


= tally. These horizontal projections O, O, are 
5 notched at V, 80 as to fit the mouldings H, K, of 


the rim FG H K, when the parts O, O, rest upon 
the glass. By this means the microscope may be 
moved all round the compass-box, whilst it keeps 


some of the divisions of the circle always in the 
| field of view. The body of the microscope may 
be moved up and down in the tube P, in order to 


adjust it for distinct vision. It consists of the 
tube 8 8, into the upper part of which slides a 
short eye tube T, and at its lower extremity H a 


lens is fastened. Two other lenses are fixed into 


the tube T, which 1 is about nine · tenths of an inch | 


long, and within it, vix. exactly i in the focus of 
the eye lens, the mother- of- pearl micrometer is 
situated. Those three lenses are all of the plano- 


convex sort. The focus of the upper one is about 


ſour-tenths, and the focus of the second and third 


is about 8ix-tenths of an inch. The divisions of 
the micrometer are 300ths of an inch, and when 
viewed through the microscope, and the miscros- 
cope is placed _ the ca 15 8 them ap- 
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pear to be exactly equal to, half a dares: on the ' bY 

| circle cei, But there is no need for those vas,” _—_ 4, 
| ons to be 300 of them exactly equal to an inch; 1 
it is sufficient if they are nearly so, as for instan ee 
| from about 280 to 320 in an inch; because, by ß 
| mulling the tube P more or less out of the tube 8 8 
5 and by moving the last mentioned tube up and os 
. down into P, the divisions of the circle may be 
magnified more or less, till 15 divisions of the mi- | | 

cirometer appear to be exactly equal to. the space 
between any two contiguous divisions on the cir- | 

5 de, vix. to half a degree. 

When the microscope has been once 40 ad- 
. Jaated, it requires no farther alteration, excepting 
to be moved round the box till it comes over the 
end of the needle, in which situation the field of 

view appears as shewn in fig. 4, where the mid. 

dlemost part is ocupied by the micrometer 1, 25 

3, 4; the other large divisions are the magnified 

divisions or half degrees of the circle, and W 
is the extremity of the needle, with its direc- 
tive line pointing to some division on the miero- 

Fifteen divisions of the micrometer being equal 
5 to half a degee, or to 30, it follows that each divi- 

; sion is equal to two minutes; and as it may be 
ng discerned whether the line on the end of the = © 
e is directed e, to one of those a, _ 
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or midway between two of them, 8 the 
direction of the needle in this compass may be 
read off to a single minute. In order to observe 


dhe daily variation, when this compass is properly 


fixed, the microscope need not be moved, because 
its field of view takes in about two degrees, which 
is a much greater space than the needle will go 
through in ten years time. In moving the mi- 
croscope round the box, care must be taken to 
place it so that the divisions of the circle may ap- 
pear to coincide with some of the long divisions 
of the micrometer. - | 
N. B. This microscope inverts e the . d 
therefore, what appears to be on the right hand 
must be understood e fe on the eſe and vice 
e, | 
"There are two khings, which, to avoid confusion ; 
have beem omitted in the drawing; but it will be 
sufficient just to mention them. One of them is 
a stop, to fix the needle when the instrument is to 
be moved from place to place. It is made in the 
manner used for common pocket compasses, and 
it fixes the needle by pushing it against the glass. 
The other particular omitted in the drawing con- 
dists of two other projections, which proceed from 
the opposite parts of the bottom ABD, like the 
projections A, D, except that they are perforated 
with holes, through which brass screws may be 


. 
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- gccaslonally put, in wakes to fasten the compass to 
a strong board, a fixed table, &c. 

In order to observe the real direction of the 
5 magnetic needle; or the daily variation, the com- 
pass must be placed so as that the two lines, 
marked on the projections A, D, may be made to 
"coincide with a meridian line drawn upon a board, 
a stone, a block, &c. and then the degrees and 
minutes, to which the extremity of the needle is 
directed, will shew the required variation. 
With respect to the meridian line, various me- 
thods of describing it may be met with in almost 
every book of astronomy. But I shall describe 
only one method of doing it, which, though not 
the most scientific one, is however very easily per- 
formed, and admits of accuracy Sufficient for the 
purpose. | 

Make a plummet, by fastening any small weight | 
to a silk thread about two feet long; suspend it 
before the board or stone, on which the compass 
is to be situated, so that the shadow of the thread, 
when the sun shines upon it at noon, may fall 
upon the board; then, by means of a well regu- 
lated clock or time-keeper, watch for the exact 
time of noon, taking care to allow for the equation 
of time, which is to be found in almost every al- 
manac; and at the precise time of noon mark two 
dots upon the board, in the shadow of the thread 
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met, and as far from each other as the 
| board wil allow; lastly, draw a straight line, by 
us of a ruler, through those two dots, and this 
be the meridian line required; which, if the 
tion be made: with care, and especially if it 
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. ths jrincas folio . of 33 55 . 


this. university of Leyden, under the article Phy- 


sies, Mathematics, &c. mention is made of a thin 
quuarto volume, containing a variety of pieces on 
the ſore- mentioned subjects; several of which 
have been written by Englishmen, as Bacon, 

Boyle, and others. Towards the end, there is a 
Latin letter of Peter Adsiger, on the Properties of 


the Magnet. It is, in fact, a little methodical 


t:rrreatise, divided into two parts; the first of which 
is subdivided into ten, and the second into three 
b chapters. This letter, which seems intended for 
the instruction of some particular friend, is dated 


in the . OO" and indeed the style of i it seems 
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to be as hw "TIO * but the name of the | 


7 place, being in old characters and with some ab- 
breviation, I have not been able to find any per- 


son that could read it. | 

The curiosity of this letter, which has never 
appeared in print, consists in its containing almost 
all that is at present known on the subject, at 
least the most remarkable parts of it, mixed how- 
ever with a good deal of absurdity. The laws of 


magnetic attraction, and of the communication of 


that power to iron, the. directive property of the 


natural magnet, as well as of the iron that has 
been touched by it, and even the declination of 


the magnetic needle, are clearly and 1 
cally mentioned in it. „5 
An exact copy of this letter I received some 


1 months ago from Leyden, by the favour” of a 
friend: and when I first read it, I could not help 
: wondering, that the right to the discovery of se- 


veral magnetic properties therein described should 


bave been claimed by many persons of a much 
posterior date; but considering how little the 


improvements of science and the properties of na- 
tural bodies were noticed about that time, and 
likgwise that the art of printing, the great propa- . 
gator of knowledge, was discovered long after, | 
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As a matter not only of curiosity, but likewise 
highly interesting to the history of Magnetismſþ 
I think it cannot but prove acceptable to my rea- 
ders, to find in this Supplement to my Treatise on 
Magnetism, the most remarkable chapters of this 
letter in their original language, to which I shall 


add as verbal a translation as the style will admit. 
My first intention was to have inserted the whole 
letter; but, on farther consideration, it appeared 


useless to admit those chapters which contain no- 


thing extraordinary, or that part of the subject 
which is now generally allowed to he been 


known at that time. 


Letter of Parxn ens on the Detevigeti WE: 
1 the Nature of the FR * 


THE INTRODUCTION, | 


Mr dearest friend, in answer to the request 


made by you some time since, I shall now set be- - 
fore you, in a familiar way, an account of some 
= hidden properties of the load-stone; nothing. 
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* Fpictola Pere: Ans16ER11, in Signationibus Nature 
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_INcrerT PROLOGUS.. | - +, 


| AxtcoruM ations, quandam magnetis lapidis occultam na- 


turam, a te interpellatus, rudi narratione tibi reserabo; nihil 
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8 pleasing to e 3 without a ci 
— knowledge to explain it; and the nature of 
1 things lurks in darkness and obscurity, until 
deductions of their causes are set up by i ingenuity. 
The present tract will be divided into two parts: 
| the first of which will contajn ten chapters, and 
- the second three. The first chapter of the first 
port contains the design of the work; the second 
- $hews the qualities required for the operator; the 
© third treats of the general discrimination of the 
"Stone; the fourth, of the Science of discovering 
the parts of the stone; the fifth, of the invention 


of the poles in the stone, so as to ascertain which 


of them is north, and which is south; the sixth 


| 10 bews i In. -what manner a magnet attracts another 
magnet; the seventh explains how a piece of i iron, 


which has been touched by a magnet, is turned 


towards the poles of the world; the eighth, how a 


enim apud philosophos absque notitiz principio est jucundum, 
et in tenebris habitat et obscuratur bonorum natura, donee in- 
_ geniis deductiones rationum erigantur. Hoc autem opusculum 
duas partes continebit-: prima vero pars decem capitulis com- 
Plebitur, et in tribus secunda. Primum capitulum prime partis 
est de operis intentione; secundum vero qualis debeat esse hujus 
operis artiſex; tertium, de cognitione lapidis; quartum, de sci- 
entia inyentionis partium lapidis; quintum, de scientia inven- 
tionis polorum i in lapide, quis eorum sit septentrionalis, et quis 
meridionalis; sextum; qualiter magnes attrahit magnetem; sep- 
timum, qualiter ferrum tactum cum magnete ad polos mundi 


VvVertatuf; octavum, qualiter magnes ferrum attrahat; nonum, 
s A Ng 1 x. - 9 a * f : I | 
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magnet attracts. enz the ninth treats of is: ato” 
traction between the north and south parts; the 
tenth contains an inquiry into the origin of the 
natural virtue of the load-stone. The second part 
contains the following chapters: the first chapter 
is on the construction of an instrument for finding 
the azimuth of the sun, moon, or any star on the 
horizon; the second describes a better instrument 
for tlie same purpose; the third contains the con- 
struction of a wheel of e motion. ; 


— — 
2 


| Cuar. A IV. On the Science of Jizcovering the Parts * 
of the Stone. 


/ 


You must 1855 that this stone bears resem- 
blance to the heavens, the method of proving 


which by experiment I shall show you in the 8e. 
11 bs 


Ganter pars Septentrionalis attrahat meridionalem, et e con- 
verso; decimum, in inquisitione unde magnes virtutem natura- 
lem quam habet recipiat. Partis vero secundæ ista sunt capita: 
primum capitulum de compositione instrumenti, quomodo sci- 3 
tur azimut solis, et lunæ, et cujuslibet stellæ in orizonte; secun- 
dum, de compositione instrumenti alterius melioris Se vet 
officii; ; tertium, . artificio FORO . en ne 


| Carrey LUM quartum. De Scientia Inventionis Partiun 
. | 
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cujus ee probationis inferins te docebo patenter expeririz 
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quel; for, as in the 83 there are two points 

| - of greater note than the rest, because the celcs- 
tial sphere revolves about them as if it were upon 

5 pPivots, one of which is called the arctic or nor- 
-  , _* thern pole, and the other the antarctic or south 
| pole; so in this stone you must understand there 
are two points, the one north, the other south. 
Those points may be discovered different ways. 
The first method is to make the stone globuſar in 
' the 8ame manner as crystals and other stones are 
1 rounded; then place a needle, or a slender and 
+ oblong piece of iron like a needle, upon the stone, 
and the needle will of its own accord move about 


pole; and when the needle becomes stationary, 
mark a line along i its direction, dividing the sur- 
 __ « face of the stone into two Equal parts, and this 
> linewill pass through the poles, of the stone, just 


| et dico cum in ccelo sunt duo . notabiliora ceteris, eo quod 


„ _ - gpheera cœlestis super ea volvatur, tanquam super axes, quorum 


unus polus arcticus sive septentrionalis nominatur, reliquus vero 


antareticus sive meridionalis dicitur; sic etiam in isto lapide pe- 
vitus intelligas duo puncta, unum septentrionalem, et reliquum 
. mxridionalem. Ad istorum duorum punctorum inventionem 
5 multiplici industria poteris devenire. Et est primus modus, ut 
f rotundetur cum artificio, cum quo rotundantur crystalli et alii 
lapides, et postea ponatur acus vel ferrum oblongum gracile ad 
mo dum acus supra lapidem, nam acus posita super lapidem mo- 
vebitur per se, donec cuspis ejus respiciat polum; et tune cum 
steterit, fiat eecundum ferri longitudinen linea dividens lapidem 
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* medium, ve hoc instar _ meridiani, transeuntis - os 
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until its point comes into the direction of the 
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as a meridian passes through the poles of the 
world. This done, place the needle or iron on 
another part of the surface of the stone, and 
mark, as before, another line along that direction. 
Thus you may mark similar lines in various parts. 
It will be undoubtedly found, that all those lines 
will meet in two points, in the same manner as all 
the meridians meet in the two opposite poles of 
the wad. Know then, that one of those points 
is the north, and the other is the south pole, the 
proof of which you will find in the next chapter. 
But there is a better method of finding out those 
points: it consists in observing the place on the 
rounded stone, to which the point of the needle or 
iron adheres most frequently, and with greatest 
force; for that place will be one of the points, as 
| found by the foregoing method. But, in order 
to be very proce” in the determination of one 


polos na transibit per polos lapidis. Postea ponnten aculs 
vel ferrum in alio situ super lapidem, et secundum illum situm , 
_ eodem modo lapidem cum linea signa; et, si vis, facias hoc in 
pluribus locis vel sitibus. Procul dubio omnes lines hujus in 
duo puncta concurrent, sicut omnes orbes meridiani i in duos 
concurrunt polos mundi oppositos. Scito tune, quod unus erit 
septentrionalis, et alius meridionalis, cufus probationem in se- 
quenti videbis capitulo. Alius autem modus inventionis est 
istorum punctorum melior; et est ut videas locum i in lapide ro- 


tiundato, ut dictum est, ubi summitas acus vel ferri frequentius 


et fortius adhæret. Erit autem locus hic unus ex punetis in- 
ventis per modum jam dictum. Ut ergo precise habeas - punc- 
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| point, break off a small piece of the needle or 
iron, about as long as the thickness of two nails, 
and lay it on the point discovered as above: and 


if this piece of needle disposes itself so as to stand 
perpendicular to the surface of the stone, you may 


- conclude that to be the point in question; if not, 
then it must be moved about until you find it to 


assume a perpendicular position; this done, mark 


there the point: and after the like manner you 
will find out the opposite point on the opposite 


part of the stone. Those points when accurately 
ascertained, and when the stone is good and ho- 
mogeneous, will be diametrically opposite to each 
other, like the "m of the sphere. | 


3 


tum unum in lapide, 1 „„ sit 


oblongum ad spissitudinem duarum unguium, et pone supra 


locum, in quo punctus modo prædicto inventus est, et si steterit 


orthogonaliter super lapidem, erit 1bi procul dubio punetus quæ- 
situs; si non, moveas ergo ipsum, donec orthogonaliter steterit; 


quo facto illic signa punctum; et simili modo in opposita parte 
lapidis punctum invenies oppositum; quod si recte feceris, lapis 


8 


sit unigeneus et electus, puncta erunt recte 2 pol} in 
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Crap. V. Of the Manner of ascertaining which af 
the Poles is North, and which 1s South. 


 Havine acquired the art of finding out gene- 
rally the poles of the stone, you will ascertain 
which of them is north and which is south, by the 
following method: — Take a round wooden vessel 
like a cup or a dish, and place the stone in it, 80 
| that the two poles of the stone may be equidistant 


from the edge of the vessel: and the put this N 


vessel, containing the stone, into another large 
vessel full of water, so that the stone in the first 
vessel be like a sailor in a ship. The first vessel 
must have a great deal of room in the other, like 
a vessel floating in a river or in the sea. I parti- 
cularly mention a great deal of f room, lest the free 
motion of the stone might be obstructed by the 
contact of the first vessel against the sides of the 


| - Carifutu guintum. De Scientia — Polorum, quis ko- 
tum Sit SeprentHionalis, et quis ng, 


Vis arte cognitionis polorum lapidis in _—_ quis autem 

sit septentrionalis, et quis meridionalis, cognosces per hunc mo- 

dum: —Sume vas ligneum rotundum ad modum ciphi vel pa- 

rapsidis, et in eo pone lapidem, ita videlicet quod duo puncta 

lapidis sint æquidistantia limbo vasis, et tune istud vas cum 

lapide intus posito pone in alio magno vase aqua pleno, ut lapis 
sit in primo vase sicut nauta in nave. Vas autem primum sit 

in secundo spatiose, sicut navis in flumine vel in mari fluctuans. 

Et dico * ne 8155 contactum ipsius ad limbum 0 Va- 

U 2 _ * | * 
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| large one. The stone che 80 lice, will cause . 
its small vessel to revolve, until the north pole of 
the stone stands in a north direction, and the south 
pole towards the south; so that if the stone be 
moved a thousand times from its situation, it will 
as often be compelled to return to the same place 
by the will of God. And as the north and south 
parts are known in the heavens, the similar parts 
of the stone will be. thereby known, since each 


1 part of the stone will be directed to the like you! 


of the heayens. 


Cn. VI. Of the Alis action. between 2 : 
„„ g 8 a Magnets. | 


- Havins ascertained which pole of the stone is 


1 north, and which is south, mark them 80 as to be 


able to know them as often as they may be wanted; 


sis motus naturalis lapidis impediatur. Hic enim lapis sic po- 
situs volvet suum parvum vag, quousque polus septentrionalis 
| lapidis in directo septentrionali, et meridionalis meridionali ste- 
terit. Ita quod lapis si millesies commoveatur, et millesies ad 
suum locum revertatur nutu Dei. Et cum partes septentrionis 
et meridiei sint in cp notæ, erunt notæ per illas in lapide, eo 

| quot et pars — * in directo suæ 8 * 


; 0 ere *r. tertun. Qualites Magnes atirabit Magn. 


„ Hir arte cognitionis quis polus in lapide sit eptentriona- 
is quis meridionalis, aigna polos cum N ut cognoscas | 
3 » — ä : 
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then, if you wish to observe the attraction between 
two such stones, take two of them prepared in this 
manner: place one in its vessel to float like a ship 
with a sailor; and let the ascertained points lie 
equidistant from the horizon, or from the edge of 
the vessel, which is the same thing. Hold the 
other stone in your band; and present the north 
part of the stone which you hold to the south part 
of the stone that floats in the vessel, and it will 
happen that the floating stone will follow the one wy 
which you hold, as it were wishing to adhere to it; 
„ and on the contrary, if you present the south Wh 
of the stone which you hold to the north part of 
the floating one, the very same effect will take 
place; wiz. the floating stone will follow that 
which you hold; therefore you must hold for rule, 
that the north part of one stone attracts the south 
part of another — and the south part attracts. Ky 


eos 1 oportuerit; et si vis postea videre qualiter lapis lapi- 
dem attrahit, duos lapides preeparatos in hune modum adopta- 
bis: pone unum in suo vase, ut fluctuet sicut navis cum nauta 
et sint puncta jam inventa æquidistantia horizonti vel limbo 
vasis, quod idem est. Alterum vero lapidem in manu teneas; 
et approxima partem septentrionalem lapidis, quem tenes, parti 
meridionali lapidis natantis in vase; sequetur enim lapis natans 
illum scilicet quem tenebis, quasi volens ei adhærere; et si 
partem meridionalem lapidis quem bajulas, e converso, parti 
septentrionali lapidis natantis protenderis, accidet illud enim, 
. videlicet, quod natans sequatur lapidem quem tenebis. Scito 
ergo pro regula, quod pars septentrionalis in lapide partem mes 
ridionalem attrahit in alio lapide, et meridionalis septentriona- 
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the northern one; but if, on the contrary, you 


present the north end of the one which you hold 5 


to the north end of that which floats, the former 


will appear to repel the latter, and the same 
effect will take place when the south part of the 


one. is presented to. the south part of the other; 


and this happens, because the north point natu- 


rally inclines to the south point; so that the float- 
ing stone will turn itself round, until its south 


pole comes to touch the north pole of the one 


held in the hand, wherefore it seems to repel the 


north, &... = = = = = 


_ LA magnet therefore will attract 


* another magnet more powerfully than it would 


attract a piece of iron, which property, though ; 
suspected to be false, is neventhelees abi by 


| 3 fernt, | 


lem; quod si e converso feceris „ut partem zeptentrionalem sep- 
tentrionali approximes, lapis quem in manu bajulas, lapidem 


natantem fugare videbitur, et si meridionalem meridionali jun- 


gas, accidet illud idem; et. hoc ideo quia pars oeptentrionalis 
| appetit meridionalem; z £0 quod. lapis, natans girando volvitur, 


donec ejus meridiogalis polus jungatur polo septentrionali lapidis 
tenti in mann, quare seg ptentrionaleyp fugare videtur, — — 
— — — — — — — — — — Attrahet ergo 


wagnes magnetem magis quam ferrum attraheret, quod falsum 


nunt, cum sit ae verum, sicut patet experiwenta. 4 
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CnAr. VII. Shews in what Manner the Iron that 
has been touched by the Magnet will turn iteelf 
towards the Poles of the World. 


Fr is known to all intelligent persons, that 
when a piece of iron, which has been touched with 
the magnet, is affixed to a light piece of wood, 
to the stalk of a plant, and is thus placed upon 
water, it will turn one of its extremities towards 
the star which is called nautical, on account of its 
being near the pole, though in truth the iron 
directs one of its ends towards the pole, and not 
towards the star, the proof of which will be shewn 
in its proper chapter. But the other part of it is 
directed to the opposite part of the heavens. Vou 
will infer what part of the iron is directed to each - 
part of the heavens, from knowing that the part 
of the iron which has touched the southern part of A 
the magnet is turned to che northern 8 of the”. = 


| Cxyvronun geptimum. Qualiter Ferrum tactum aum _ ad 
Polos Mundi vertatur. 


Ar notum est omnibus expertis, quod cum 6 magnetem 
tetigerit, et ligno levi vel festuce fuerit affixum, et aquæ an 
tum, una pars movebitur ad stellam quam nauticam vocant, eo 
quod prope polum est; nam veritas est, quod non movetur ad 
Fa stellam-dictam sed ad polum, cujus probationem afferemus in suo 

capitulo. Pars vero reliqua ad partem cœli movetur reliquum. 

Que autem- pars ferri ad quam partem cceli movetur, scies . 15 
5 e quam pars meridionalis — tetigerit, ad . 
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sky. The contrary will happen with respect We 
that end of the iron. which has touched the north 
part of the stone, viz. it will direct itself towards 
the south. However wonderful this may seem to 
a person unacquainted with the cause of the mo- 
tion of the iron, it has been proved by experiment 
to be r true. 


1 vil. 5 07 the Manner i in which a Magnet 


attracts Tron. 


— — — — If, 1 the south part of 
the iron, which had been touched by the north 
part of the stone, be forced to touch the south 
part of the stone, or if the north part of the iron, 
wiyeh Regs” been touched by the south me of the 


* 


onalem 8 vertitur cli. Contrarium autem erit fo parte 
ferri, quam pars septentrionalis lapidis tetigerit; scilicet, quod 
ad meridionalem volvetur. Et est res miranda non intelligenti 
causam mptus ferri; hujusmodi vero . experientia nos verum 
di xisse probavit. : | 

: p 8 "7 

CAPITULUM —_— Nu, Magnes attrabat Ferrum. 
% Si tamen violentia fat partibus, 
videlicet, quod pars meridionalis ferri, quæ cum septentrionali 
lapidis tacta fuit, tangatur cum meridionali lapidis, vel illa quæ 
cum | meridionali tz tacta n ow" etiam septentrionalis in ferro 


* 
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stone, be forcibly applied to the north part of the 
stone, then the power of the iron will be easily 

altered, so that the part which was north will be- 
come south, and vice ver. 8 


» 


PART THE SECOND, 


| Crap, II. On the Construction of a better Instru- 
ment to answer the same Purpose, viz. to find out 
the Azimuth of the Sun, the Moon, or any Star, 
pon the Horizon, 


IN the present chapter you will be informed of 
the construction of another instrument of more 
certain effect. A vessel must be made of wood, 
copper, or any other material, and let it be turned 
like a box of small — and competently wide. 


* 4 * - 


appellatur, septentrionali lapidis jungatur, alterabitur virtus in 
ferro de facili, et ſiet meridionale Fuel fuit een et 
e converso. . 


INCIPIT SECUNDA PARS HUJUS oERIS. 

. ; f . at : p 
CAPITULUM Secundum. De Compositione Instrumenti melioris ejus- 
dem Mu, VIZ. . uo Scitur Azimut Solis, et Lune, et cujuslibet 


In hoc capitulo. dicemus tibi modum compositionis ne 


| instrumenti melioris et certioris effectus. Fiat vas ligneum vel | 


æreum, vel. cujuscumque volueris materiæ solidz, et sit ad mo- 
dum pixidis tornatum, parum profundatum, et competenter 


by. 


/ 


* 


71 


fuerit materia transparentis, melius erit. Disponatur igitur in 
medio ipsius vasis axis gracilis de are vel argento, applicans 
. extremitates suas duabus partibus pyxidis, et non adhereat ibi 
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Let a cover of some transparent substance, as glass 
or crystal, be adapted to it; and if the whole were 
made of some transparent substance, it would be 


still better. A slender axis of copper or silver | 


must be adapted to the middle of this vessel, ap- 


_ plying its extremities to the upper and lower parts 


of the box, wiz. to the cover and to the box; the 


axis however must not be 80 firmly fastened, as 


not to be capable of moving very freely. Two 


holes must be perforated in the middle of the axis, 
at right angles to each other, and an iron style, 


like a needle, must pass through one of those 


holes, whilst another style of silver or copper 


passes through: the other hole in a direction cross- 


ing the iron one. The cover must first be divided 
into faur parts, and each of these into ninety parts, 
_ agreebly to the instructions given concerning the 


other IN in the N e _ 


1 Ae super illud — de materia trans- 


parenti sicut est vitrum vel crystallus; et si totum etiam vas 


axis firmiter quin possit libere moveri. Sintque foramina duo 


in medio axis ortogonaliter se intersecantia, transeatque unus 


stilus ferreus ad modum acus per alterum illorum foraminum, 


e per aliud transeat alius argenteus vel areus; intersecans ſtr- 
teum ortogonaliter. Coopereulum vero dividatur in quartas 

prius, et quelibet: quartarum in partes 90, ut. docebatur in alio 

instrumento capituli -precedentis, et: signetur septentrio et meri- 


of * 
* - 0 
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upon it mark the north and the 2outh, the east 
and the west, points; and let a ruler of some 
transparent. substance, with sights on its extremi- 
ties, be adapted to it. Ther, place whichever part 
of the magnet you please, viz. the north or the 
south, near the glass, until the needle be moved 
towards the said magnet, and acquires the virtue 
from it; after which, the magnet being removed, 
the extremity of the needle will turn itself towards 
the pole. This being done, turn the box until 
one extremity of the needle remain directed to- 
_ wards the north part of the instrument, on the 
north part of the heaven; then turn the ruler to- 
wards the sun in the day time, and towards the 
stars in the night time, after the manner menti- 
oned in the preceding chapter. By means of this 
instrument you may direct your course towards 
cities, and islands, and all other parts of the world, 


dies, oriens et occidens, in eodem, et addetur ei regula de mate- 
ria transparenti cum stilis in summitatibus erectis. Tunc ap- 
proximabis quam partem volueris magnetis, sive septentriona- 
lem, sive meridionalem, erystallo, donec acus ad ipsam movea- 
tur, et ab ipsa virtutem recipiat; et tune remoto magnete, acus 
summitas vertet se ad polum. Hoc facto, pyxidem volve, donec 
una summitas acus steterit in directo septentrionis in instru- 
mento ex parte septentrionis cœli. Hoc facto, volve regulam 
ad solem de die, et ad stellas de nocte, modo supradieto capitulo | 
præcedenti. Per hoc instrumentum diriges gressus tuos ad civi- 
tates et insulas, et loca mundi RY et ubicumque in 


* 
3 > 
| *s 
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2 abe on land or at sea, provided you are ac- 
quainted with the longitudes and latitudes of those 


places; for, if the town or island to which I intend 
to go, is in a. lower latitude than the place in 
which I am, I shall go straight before me, towards 
that end of the ruler which is directed to the sun 


or star; but, if the latitude of the place be greater, 
I sball then proceed in the opposite way, vis. in 


the direction of the other extremity of the ruler. 
(In the book on the effects of mirrors we shall 


shew in what manner a piece of iron may be kept 


suspended in the air by means of the power of this 


stone.) Observe that the south part of the needle, 
which is to be used as a guide, must be made to 


decline towards the west by one point; and this 


must be done by the declination of the north part 


towards the east, because the 129 5 part of the 


instrument is e of divisions, | 


15 
N 


terra vel in mari, 8 longitudines ipsorum et latitudines 
Sint tibi note; quia si villa vel insula ad quam volo ire est 
minoris latitudinis quam locus in quo sum, vadam directe ante 


me veraus caput regulæ, quod est ad solem vel stellam. Si vero 


sit majoris latitudinis, vadam retro me directe versus caput aliud 
regulæ. (Qualiter autem ferrum stet in aere per virtutem hu- 


. Jus lapidis, in libro de operibus speculorum narrabimus. Nota 


quod partem meridionalem acus in usu directorii debemus facere 
declinare per unum punctum versus occidens, Et hoc debet 
fieri per declinationem partis septentrionalis ad oriens, quia pars ä 


5 meridiana instrumenti divisionibus caret. 3 — 
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Take notice that the magnet, as well as the 
needle that has been touched by it, does not 
point exactly to the poles; but that part of 
it, which is reckoned to point to the south, 
declines a little to the west, and that part 
„Which looks towards the north inclines as 
much to the east. The exact quantity of 
this declination I have found, after nume- 
rous experiments, to be of five degrees. 
However, this declination is no obstacle to 
our guidance, because we make the needle 
itself decline from the true south by nearly 
one point and an half towards the west. A 
point then contains five degrees. You may 
look for the cause of the above-mentioned 
declination in the schedule inserted in the 
- _ fourth Treatise on the Kalendar. 


Nota, quod lapis magnes vel etiam aeus confricatus cum 
ipso non directe tendit ad Polos, sed pars, quæ ad meri- 

diem tendere reputatur, aliquantulum declinat ad oc 
dens, et illa, quæ ad septentrionalem accedit, a 
ad oriens se inclinat. Quanta autem sit hujus eln e : 
inveni multis experientiis, videlicet quinque gradus: nec 
tamen hnjus declinatio in usu directorii nos impedit, 
quod ipsam acum a vera meridie per unum punctum 

cum dimidio fere, versus occidens faciamus declinare. 
Punctus enim continet quinque gradus. Caussam præ- 
dictæ declinationis quære in scedula posita in quarto 
tractatu Kalendarii. | 
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W. B. In the original, the last paragraph is 
vontained in a cifcle, as if it were a note or an 
observation not belonging to the text. The last 
chapter of this letter treats of the wheel of perpe- 
tual motion to be actuated by the magnet; but it 


does not deserve to be taken any farther notice of, 


It concludes with the following words, Farewel. 


Done in the camp, at the siege of in 
the year of our Lord 1209, on the 8th day of 
August. ”w Ts 


J have transcribed the chapters of this Latin 


letter, without attempting to alter any word which 


might be thought erroneous, and shall conclude 


this account with barely mentioning two remarks; 
the first of which is, that the suspension of the nee- 


dle described in the construction of the azimuth 


compass is a very clumsy one, and that the beautiful 


_ zwspension by means of a cap upon a pin, which is 


now universally used, was unknown to the author. 
$i is likely, therefore, that for want of this snspensi- 
n the needles at that time not moving sufficiently 


easy, were not actually used in navigation, at least 


in Europe, though the suspension by means of a 
eap upon a pin seems not to baye remained long 


* Vale. Actum in castris in obeidione 55 Anne 
Domini 1. Sinn actays die Augusti. 
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unknown after the date of this letter. The other 


remark is, that in the last two paragraphs there is 
an evident inconsistency concerning the quantity 


of declination, and the point or point and an half 


/ 


by which the needle must be made to deviate from 
the meridian. 
I have not been able to gather any other infor- 


mation respecting the author of the above-men- 


tioned letter; but perhaps the following memo - 
randum, which was sent by Mr. Senebier to Dr. 
Lorimer, may be of use to some historian, who 


may wish to inquire farther into the subject. 
Perhaps the name of the person to. whom the fol- 


lowing letter is addressed, is the same as that of 
the writer of the preceding one. 


„5 No. . 1 Latin Manuscripts in the Library of 


Geneva. 
« Fpistola Petri Peregrini de Marcourt, ad Sige- 
rium de Foucancourt, Militem, de Magnete. 
„The work contains a description of that stone, 


the means of finding the poles, its property of at- 


tracting iron, and proves that the part of the 
magnet which is turned to the north, attracts that 
which is turned to the south. It then teaches the 
manner of employing the magnet in astranomy, | 
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and of playing tricks like those of Comus. It 
deserves to be remarked, that the author knew 
not that the magnet could be employed i in uavi- 
gation; for though he frequently Speaks de stella 
nautica, he never speaks of the use that might be 
made of the magnetic needle in sea voyages. 
« Pide Bibliotheca Bibliothecarum, Fe. 11, 

P. 1400. Catalogue of the Manuscripts in the 
Library of Geneva, by Senebier, p. 207.” . 
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REMARKS | 


V'! 0G on THE 
5 METHODS | 

proposed for emaining the 
| LONGITUDE AND LATITUDES OF PLACES, 


9 BY MEANS ol 


 MAGNETICAL INSTRUMENTS. 


Cr 
Tas facility « and W with which the longi- 
tudes and latitudes of places upon the surface of 
the earth might be ascertained by means of mag- 
netical instruments, if their performance could be 
depended upon, has at various times brought for- 
ward the proposals of instruments, and calculations 
made expressly for the purpose; but the eta: Sel 
experiments made on those plans have constantly 
- bewn, that both the instruments and the calcu- 
lations are insufficient to answer that object; and 
che principal reason of the failure is the uncer- 
 . fainty of the motion of the magnetic poles of the 
+, earth, upon which the variation of the compave 3 
. principally depends, WO 
That those poles, which away be Seni 0 3 
25 be the centres or focuses of the powers of all the 
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and of playing tricks like those of Comus. It 
deserves to be remarked, that the author knew 
not that the magnet could be employed i in navi- 
gation; for though he frequently Speaks de stella 
nautica, he never speaks of the use that might be 
_ of the magnetic needle in sea voyages. 
Vide Bibliotheca Bibliothecarum, Fe. 11, 
p. 1400. Catalogue of the Manuscripts in the 
Library of Geneva, by Senebier, p. 207.” 
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Tur facility « and e with which the longh- 


tudes and latitudes of places upon the surface of 


the earth might be ascertained by means of mag- 
netical instruments, if their performance could be 


depended upon, has at various times brought for- 


ward the proposals of instruments, and calculations 
made expressly for the purpose; but the actual 
experiments made on those plans have constantly 


-  8hewn, that both the instruments and the calcu- 
lations are insufficient to answer that object; and 
the principal reason of the failure is the uncer- 
. tainty of the motion of the magnetic poles of the 


earth, upon which the variation | of the ene 
een depends. TS: 

That those poles, which may by e cousde d to 
be the centres or focuses of the powers of wt * 
> oh 
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+ 
| magnetic bodies contained-j in the earth, do not 


remain fixed, but that they do actually move from 
place to place, is sufficiently evinced by the results 
of accurate observations; and no modern writer 
seems to entertain a doubt about it. The varia- 
tion of the declination, or the change of variation, 
is principally attributed to the motion of those 
pdles; but the difficulty consists in determining 


whether this motion is regular or irregular, viz. 


whether it may, or may not, be foretold by calcu- 
lation, according to any rule whatsoeyer. 

That Nature is regular in her works, and that 
every natural operation depends upon adequate | 
causes, no person, who is at all acquainted with 
philosophy, can possibly deny. But when a cer- 
tain, phenomenon depends upon the combination 
of à variety of causes, some of which, and perhaps 
all of them, are out of the reach of our senses, and 
of calculation, we call it irregular or accidental; 
not for want of a natural dependance upon ade- 
quate causes, but, because we are unable to disco- 
ver and ascertain the laws of that dependance. 
Thus we know that the temperature of the atmos- 


phere in London depends on the time of the year, 


on the point from which the wind blows, on the 
clearness of the air, &c. yet no one can foretel 
the precise degree of heat that will be indicated 
by the thermometer on a particular day of the 
Ra ems, i in | the 2 DN we are not 


* 
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acquainted with all the concurring causes; and 
secondly, because from the action of those causes 
upon each other, their ultimate effect upon the 
body of the earth becomes the result of an im- 


mense and incommensurable combination. 


With respect then to magnetism, we must first 


endeavour to discover the causes which occasion 


the motion of the magnetic poles of the earth; 


and secondly, we must consider whether the ef- 
fects of those capses may or may not be en . 


to calculation. e 5 


Th be projectors of the and for ascertaining 
the longitude and latitude by means of the varia- 


tion compass, and of the dipping needle, gene- 
rally frame hypotheses of regular movements, and 


Is 


establish upon them all their rules and calculations, 
and -overlook the natural causes of irregularity . 
« or uncertainty. But, hypotheses that are not 
founded upon a constant coincidence of effects, 
and especially when they are insufficient to ac- 
count for all the phenomena, cannot be consi- 


dered as guides in the investigation of future 


: events. The magnetic poles of the earth have 
been ,Supposed to be four in number; though 
they are at present generally, and more properly, 
thought to be only two. They. have been sup- 


posed to reside on the surface of the earth, and to 


move upon it at a certain annual rate: they have 
been W to be fixed to a sort of nucleus 
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within the earth, and to move along with it either 


® , from east to west, or from west to east: they have 
been supposed to be in the atmosphere; and, in 


short, the conjectures have been very numerous. 


But let the hypothesis be what it will, we have no 
reason to believe that their motion is so regular as 


to be foretold, which will more evidently appear 


from the following paragraphs. 


In the investigation of natural properties, . | 


they are out of the reach of actual observation or 


calculation, the imagination must start with, and 


be guided by the analogy of, establisbed facts and 
laws; otherwise the probability of being right va- 
nishes entirely. Agrecably to this rule, if we 

z attempt to form conjectures relative to the mag- 


netic poles of the earth, ve must in the first place 
say, that as the magnetic polarity has been found 


to be a property only of iron or ferruginous bodies, 5 


therefore it is likely that the magnetic poles of the 


| earth reside not in the atmosphere, but in the 


ferruginous bodies contained in the earth. Se- 


condly, we have no reason whatever to believe 
that the earth contains a moveable nucleus or 


kernel, but we know that in a magnet, whether 
natural or artificial, the poles frequently change 


their places, though the magnet has no nucleus; 


and therefore the magnetic poles of the earth may 
be susceptible of motion independent of a nu- 


cleus. Thirdly, it i is natural to suppose that the 
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same causes, which have been found to alter the 


situation of the poles of a magnet, act in the same 


manner upon the earth, and occasion the motion 
of its poles. Those causes, and the method of 
manifesting their effects, are described in the 
Treatise. They may be reduced to four, viz. the 
action of one magnet upon the other; the action 
of heat and cold; the chymical alteration or de- 
composition of the substance affected with mag- 
netism; and lastly, the mere mechanical derange- 
ment of parts. That all those causes take place 
1 earth, no body can deny; and of course it 
seems to be as evident, as the nature of the sub- 
ject will admit of, that the motion of the mag- 
| netic poles is governed by the concurrence of all 
those causes. , 

In page 257 of the Pa. my idea of the va- 


riation of the needle depending upon those causes 
is clearly expressed. Dr. Lorimer, in a very 


| ingenious manner, attributes their motion to the 
heat of the sun, as by him explained in the second 
paper of this Supplement. His theory is a closer 
application of one of the above-mentioned causes, 


which certainly is the principal and more powerful 
one; but it by no means contradicts or excludes 
the action of the other causes; 50 that, upon the 


” ee may say that the . poles of the * 


4 
* My paper containing this idea was first publiched in the 
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earth are caused to move on by the action of the 
sun, but that the rate of their motion is subject to © 
be accelerated or retarded by a great number of 
concurring causes; such as the difference of the 
degrees of heat in different years; the magnetic 
poles happening to come on some parts of the 
ceeearth which contain more or less ferruginous 
matter; the formation or decomposition of large 
* masses of iron ore, cc. 
80 far we have considered only the motion of 
the magnetic poles of the earth, which undoubt- 
edly govern the general variation of the magnetic 
:  _ needle; but if we alse take into the account the 
local causes, which have been indisputably ſound 
to affect the needle in particular places, such as 
the vicinity of great tracts of land, promontories, 
volcanoes, -&c. we must acknowledge that. the 
progpect is very discouraging; and the prabability 
ol dur ever becoming able to ascertain the longi- 
| - tude and latitude by means of magnetical instru- 
ments, seems almost to vanish. In fact, when we 
examine the different projects bitherto published, 
"| and compare their results, we find an astonishing 
difference as well among themselves, : as s between 
. them and actual observations. 
Mith these remarks I am far Gorm meaning to 
3 . any attempts to investigate the causes 
and the laws of magnetic variation; and happy 
"Wet Ibe'to Robart this YES: could be 
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brought within the compass of calculation. But 
at the same time I have thought proper to add 
these Remarks to my Treatise on Magnetism, both 


for the sake of those who may be willing to pro- 


secute this abstruse investigation, and of those 
persons who are inclined, or under the necessity 


of using any of the proposed magnetic methods of 
ascertaining the longitude and latitude; in order 


that the former may see what they have to- en- 


counter, and that the latter may know how i, 
and with what degree of confidence, they may 
| adopt those methods. 


© PRINTED BY 3. DILLON, | : 
16, Plough Court, Fetter Lane. 
£ ; — 
4 f 2 
# FE 7 
4 1 
6 2 1 


'THE END. 1 


— — 
% 


+ 
. I > ” 
: ** 2 * 4 * 
. ˙ . an — — — — — . - 5 
1 3 K. A 2 22 —— 
3 — n a — CIS. NSN F 
— —— —-— — . — — — — — 
GR hn 1 — - 
hw £20 
* 7 


—— 


Wit Iz 
110 i 
15 
Wicks 
7 ! . 
af 
; 
1 
Ll 


— — 
a $23 SEV _— 


„ 


* 42 
* * © af 
; a LY”! þ, 
* _—_ Z 
* "$4 * by 
1 2 0 8 
& 2 
— — ä — — k—— — h — — — — — ge — - 
n X ew OK «3 ps, PR 20 4 — * 2 
— — n * . > Ce ah Av * 
i IRS »; — 1 r 2 2 ” — N. — P * 
: T tn — — . SOAR + = 


Ar DSIGER, Peter, his curious letter on magnetism, page 299. 
2 For for compass needles, described, 117, 123. 
of a celestial object, what, 198 — hom ascertained. 199. 
A $ubstances attracted by the pany. ps 59. "hs 
Armature of a magnet, what, 31 construction of, 21 . 
_ + trengthens the + gp of the magnet, 213. | 
Artificial magnets, what, 2—general method of making them, 
62, 65, 1 77 made without the apparent interference of 
any magnet, 62—particulars necessary to be kept in view . 
in constructing them, 76—Mr. Canton's method of con- 
structing them, 184—crooked, how made, 191—in what 
manner they are to be armed, 211, 213—examination of a 
new method of constructing them, 243. 
* Attraction of gravitation, what, 16—of cohesion * 16—chymical, 
16 electrical, 16. 
| Attraction, ma etical, 2, 16, 1 7—takes place between magnetic 
of dif ifferent name, 3—is various according to circum- 
Here In 17—where strongest, 18—is mutual between _ 
magnet and iron, 17—law of its diminution not 
tained, 19—is not affected by the interposition gp ponent any — 8 
stance except iron, &c. 27—in what manner it may be 
increased or diminished, 28, 172-—of the north pole of a 
mmagnet strongest in the northern hemisphere, &c. 29—of + 
; one pole of the magnet is increased by applying a piece of 
„ iron to the other pole, 29 is proporti y. stronger in 
small natural magnets than in larger ones, 29 between 
the magnet and other bodies, 54—between the magnet and 
other bodies, how ascertained, 141 — between the magnet 
and brass, 225, 234—is not a sure indication of the pre- 
_ of iron, 241—is increaged by the action of acids We" 


n, 249. 
Axis os a magnet, what, 33. 
Azimuth compass, 'what, 124, 129.—deseribed, 129—we of a 
Ss cribed, 199, 200. 
Aximutb of a celestial object, what, 124, — what manner it 
must be ascertained, 200, 202. #0 
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Bars, magnetic, described, 1 13—p r way of keeping them, 
115—construction of, see alia, magnets. = 


Bismuib, singular property of, 57. 


Brass, its properties relative to magnetism examined, 224—sum- 
mary of the observations relative to its Ps 234— 
caution concerning — use of, 236. | | 


C 


Caps for Ws; fans 117—of agate, 117, 123. 


Centre, magnetic, what, 71, 165—its generation and motion, 165 
removed, 176. 


Cdart, declination, What, 90—Dr: Haley: 8, 1 20 g1—Messrs. 


Mountain and Dodson 8, 90, 91. 


5 Snery: what, 8. 
Cobalt, attracted by the magnet, 37. 


Communicated magnetim, 24, 1. 

r mariner s, what, 36—its 33 27 —its variation, 
37 principal sorts of, 124.—- described, 126568 agitation 
attempted to be prevented, 1283225 + 20 


 Compass, watiation, described, 13 ꝑ-—the. author's 3, 290. 
Compound magnet, ednstruction of, 212, 218. 


- Copper not magnetic, 237. 8 
| Cle n won 55 concerning i, 71, 73. 
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5 Declinatin of FY magnetic ads, Shae: 8 owing to the 


imperfect construction of the needles, Kc. 39—discovery of, 
-40—list of the declination in various places, 42—in Lon- 
don, 44—east: or west, what, 42—how ascertained, 197, 
— of the, Aur 90, — 5 5 po ha 
Dipping e magnet, or of the m etic n e, v. t 3, 34— | 
in what manner it is to be observed, 205. f 


Dipphig needle, described, 132—use of, '205—imperfectians of, 
; 2 property of the magnet, 34—its uses 35—is extended to 


a greater distance than the attractive e 78, 209. 


8 
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Earth, considered as a bags magnet, 49—its magnetism shewn, 
. 62, 63—hypothesis of its magnetism, 86. conjecture re- 
lating to its magnetism, 92. 

Eartbs attracted by the magnet, 58. 

Electricity produces magnetism, 6 5 68, 213—its analogy to 

magnetism, 100. 
Eklectrics, what, 102. 
Equator of a magnet, 33. 


4 


- 


i 


— 


* substances, what, 1 W 0 when brought | 


within the sphere of a magnet's action, 24. 
Filings of iron, the _— s action on them, 153, 


Finery cinders, what, . 
G 
_ © Gimbald, what, 15. ; : | 
Gold, not magnetic, 238, | Ev e oF, 
ui diminishes the attraction betwer the magnet nd Iron, 243, 
| 245, 247, 297, 271. | 5 


Heating of « a magnet, a remark thereon, 28, 248. 
Horte dbu magnet, what, 3 1. 


> 


1 of the — or of the . needle, 3, 34, 48— 

ist of in different places, 52. 

Instruments, magnetical, described, 112—their use, 196. 

tron, is attracted by the magnet, 2,47—the _— is 3 
between it and the magnet, 17—its ores, G— natural history 
of, 5—its specific gravity, t, what,  8—malleable, 8 
. short, what, 8— cold short, What, 8 is calcinable, 
11 — soft, is attracted more powerfully than ferruginous bo- 
dies, 17—is attracted with different degrees of force accorq; 
ing to its various states, 54, 249—attracted differently ac- 
Org to its size, 56—when 1 it does not retain el 
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magnetism, 61 —acquires magnetism by position, 63—its 
wei ight not affected by being rendered magnetic, 75 —ac- 
quires magnetism by remaining long in one situation, &c. 
—acquires magnetism from the earth, 177—when red- 
hot is not attracted by the wares, 245, 247 phenomena 
attending the decomposition of, 249—an exceedingly small 
un of, is N 254. 5 


\ 


L Hoi | 
— © 


Lapis beracleus, what, 1. e 4 

Lapis nauticus, what, ; 

Latitudes and longitudes of places attempted to be ascertained by 

means of magnetical instruments, 321. 

Lead, its calx attracted by the magnet, 57. 

Lines of declination or of variation, what, g0—of west > "08 
tion, 90—of east declination, 90 of n no * 90— 

observations on them, 264. 

Load: stone, what, 1, 5 


M 


Magnet, e what, 1, 13—its etymology, 1—artificial, 
what, 2—its characteristic properties, 2—its poles, 2—its 
directive property, 2—its declination, 3—attracts iron, 
Ke. 2, 54—attracts and repels another magnet, 3—its co- 

_ Jour, 14—its hardness, 14—where' found, 15—its power 
weakened by heat, 28, 259—loses nothing of its power by 

* imparting magnetism to other bodies, 65 cannot commu- 
nicate a stronger =_ wer than that which itself possesses, 65 
—its power weakened by an. improper situation, 75—its 


action on magnetic bodies, 146—often has more than two 


poles, 32—why it attracts soft iron more powerfully than 
Mares any other ferruginous body, 163, 164. 
roperties in 2—poles, 2—polarity, 2—nee- 
" OE. 3, mera, 2—pal and repulsion, 2.5 3, 16 
Dee attraction and reputcion. | 
| Magnetical, instruments, 29s inctrumente—line, what, 50—nee- 
dle, see needle. N 
| Magnetion, communicated, , 61—requires a obtain time to 
. be communicated to hard iron, &c. 66—not — com- 


w Its aualogy to electricity, 100—communicated to iron from | 
We” the earth, 177, 180—an easy way of communicating it to 
E” a mall pizce of el, 183—in . manner it is to be 


Metallic mixtures, certain, not magnetic, 238. 


IND "> eh „ 


communicated by means of two magnetic bars, 188 Com- 
municated by the application of one magnetic pole, 192— . Wi! 
communicated by means of electricity, 67, 213 requires 83 il $i 
certain time to penetrate through a piece of iron, 66, 214— . - mi 
of a wire, weakened or destroyed by bending the-wire, 216 14% 
- of split wires, 217. | | 

Maran their action on each other, 165. 
Mariner's compass, see compass. 

Medicinal properties of the magnet, not true, 82. 
Meridian of a magnet, what, 3, 34. 


Minerals, earthy, attracted by the magnet 58—inflammable, at- 
tracted by the magnet, 59. | 


2 
U 
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— 


Natural aw in what manner their power may be impaired, 
194—how strengthened, 195—their power impairec much 
more by cutting off a part in the direction of the axis, than 
in any other direction, 211—how they are to be armed, ; | 
211 —imitated, 215. 4 
Needle, magnetic, its declination, 3 inclination or dipping, 3 
its construction various, 115—its best sort of suspension, 
116 -an improper way of constructing them, 118—a sort 
of suspension wherein the perforation is avoided, 119 — 
Chinese way of suspending it, 118—for the variation, how 
constructed, 121, 131—a univercal one described, 134 — 
particulars to be kept i in view 1n the construction of, 122— 3 
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. dipping, described, 132—the author' 8 Or way of . 1 

pending it, 219g. * . hp 

Mickel, whether magnetic, 238. 1 * 

Notions, erroneous, relating to magnetism, 91. 7 10 

| | | MA 

5 | ng , 2 19 3 0 94 

— compass, what, 135. 14 

Ores of iron, 6. | 1.0 

. P « | | | ö 1 

Puna magnetic, 208. i 

Peter Adsiger, his · curious letter on magnetism, 299. « 

Point, of saturation, 74—culminating, 71 —of in r TO *-- 

Points of the compass, what, 125— names of, 126—table shewing . 


the angles 8 make with the eee 127. 
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Paints of indifference, what, 70—laws concerning them, 71. 
Platina, its magnetic properties, 239. 
Polarity, what, 2. 
__ of a magnet, what, 2—of the same name repel, but of dif- 
b ferent names attract each other, 3, 23, 26—how ascer- 
. - tained, 32—their usual number, 32, 33—their situation in 
good magnets; 33—successive ones in the same bar, 69, 
149 —some of their possible situations examined, 93—to 
' find them out in a magnetic body, 144, 145—their mutual 
action on each other, 167, 169, 171, 172 their generation 
in a broken magnet, 174 - two only i in long bars of woe 
ron, 255. | 


Q 


Quickrboer, useful for cattle the attraction between the 
magnet and certain substances, 222—remarks on the use 
of, won 5 


R 7955 N 


 Repuliio between magnetic poles of the same name, 29. 
8 | 24, 171: 
- | _ Rhumbs, what, 125—their names, 126—table shewing the an- 
| | gles e make with the INE 127. 4 IP 
; : : | Y | 0 8 ; \ * 5 ; 


* Y : 
Silter, not at te, 238. . NE . 
Single touch, what, 191. 
* Sead, what, g—its. properties, 9, 10—how hardened, 33 
tempered, 10—which sort of is best, 11—how to find out 
that which is fit for magnetic bars, 113—when red-hot is 
not attracted by the magnet, 245. 
Stones precious, some of them are attracted by the magnet, 59. 
— what, 1 . in the construction of artificial 
; magnets, 185. | | AS, | 
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Tempering of steel, PO 10. 
Terrella, what, 84. 


| Theory of magnetism, 84. 
Touch, double or single, rt 190 191, te 
i Property, what, 2 . e 
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V : 4 
Variation, of the magnetic needle discovered, 40— daily, 45, 47 
 —needle, 121, 131—compass described, 124—compass of 
a new sort proposed, 221 compass, the author's construc- 
tion, 290—the author's thoughts thereon, 254—an experi- 
ment to exemplify its action, 258. _ : 
Vegetable substances, attracted by the magnet, 59. | | 
Vessel at sea, in what manner is steered by means of the com- 
pass, 35. | 33 
. W. - | f 
2 > 58 15 
- IWater, useful for ascertaining the attraction between the magnet | ; %.Þs 
Ge and certain as * 222. 7 9 
Zinc, not magnetic, 238. 42 N 
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„ Two Mineralogical Tables, with an Explanation and Index. 
TO. - v. Dexeription and Use of the Telescopical Mother-of-peart 
Js BY | eee invented by the Author. „ 
mw 1 As Foun the Medicinal, Properties of Factitious Airs, 
8 5 >] 45 . with an Appendix _ 1 the Nature, of Blood. Octavo. 


2 1. A Treation en the Nature and Properties of Air and other, 
'r permahently Elastic Fluids; to which is prefixed an 
; Introduction to Chemistry. Quarto, with Plates. 
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